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Delayed Total Release Two Pulse 
Gastrahttestraal Br$ig Delivery System 

Field of the Mvenitmi 

The invention is in the field of drug delivery Spec I ;al $ i t rrvenii 
is s cored i 
■j rr I : ' 

Background of ike Invention 

The ability to deliver a drag in a manner that targets the drug for 
s v> inmie for many- 
reasons. Such a delivery system would allow the medical practitioner to locally 
treat gastroter.est.inai diseases. Local treatment of gastrointestinal diseases would 
avoid, systemic side effects of drugs or inconvenient and painful direct delivery 
of drags > sn, such a delivers «y*to h c , 
efficiency of a drug, thus allowing a reduction of the minimum effective dose of 
th* im \ delivery systeo - g * < iion of t 

gast.rotetest.inai tract would thus he useful for the treatment of a Wide variety of 
diseases and conditions. 

WO 97/25979 describes a drug- delivery device for the targeting of various 

hydrophobic polymer which contains hydrophiilc, non-water-soluble particles 
embedded therei ci e as cha s < gneous medium 

i i m i s >n * seel am e s 

oe v \ ^ , > o. t J ' > r \ s < m n „ it > 

slowly release its drag load 

I S KeanN< v < w \ - 5 ^ V^rsa v 

in combination with a matrix The matrix contains a sacchande-eontammg 
polvmcf 1t\ « * ?x drag combination s t be coatee o t eoatc Vhej > ymc; 
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is resistant to c mmmv: a-,u ; or? ^ o 

tis t/u), .>< 1 ,. s| >nn oncte> a 

P 4 1 > R Omh.1 1 g uesti % ^ N v t , v ... 

i ! ing, a mix air sa I 

However, tl o <> s ol hqusd entry ttto 

the formulation. Therefore, conuol of the she of release of the drug cannot be 

III it uM MO 

U.S. Patent N< 850 (i ts < smotieca >su.k bt 

! 1 I - i ig outer m me w d s t 

1 5 ^ v v. > a . n . ^ osv -i space 

> tVmoyhou- v \k"!0 

f the on hho 

U.S. Patent No. 4,904,474 (Theuwes et a!.) discloses a colonic drug 
1 o\ : i c 5 ! > ! I 

small intestine and means for delivering the drug in the colon. This device 
comprises o ic .means for fore s i gent out from 

the compartment in which it is contained through an exit provided in said 
compartment, into the color. The means for delaying delivery in the stomach or 
in the small intestine am pB-msistant coatings. The delay in delivery of the drug 
is time-based, 

> N ^ ee . , k .or ! u , > > 

a biologically active material, > m , comprised of at least one water soluble 
rmceoal and > least one water insoluble material, arid a polymer film coating 
- ^ iv o u or 

IS Pnte- \ a:~:TvSO b ok on < net lot the 

i imh istratioe of i <<; nme. 

US TkouNT \2 <>e oJ SS « oc.vmbe j dosage toon uva 
iehvenog drug*, and particularly drug-. I ? ?d fey d n 

through a porous coating, such as wear insoluble drugs 



U.S. Patent No. 4,897,270 d.es<d^.a.5ljaaaaceuticai tablet comprising 
! i ! ! of the core. The e s k 
immediate*}? following raptu re of the film coat, 

US. Patent No. 5,204421 describes a drug release system in pellet form 
where the pellets consist of ?. core containing the active compound. The core is 

< rung jacke; aj>d a ondtg* s 
is permeable to water. The outer lacquer layer does not dissolve but is said to 

f 1? i Kf'^h'f to 

in contact with she drug containing core. 

f > s omnosi o" t be sustained 

release of a pharo it) o mslr>g a dn.m-con tsnfing core, a first coating 
5* eikble apoa penetration of the surrounding media, and 
a second coating, enveloping the first costing, comprising a polymer that Is water- 
soluble and that forms a semi-permeable barrier. The outer coating is said to 
permit diffusion of the media, into the first coating and then diffusion of the 
dissolved drug inn tht id ha. 1 seco c t > uo have 

requisite stretehabiiity to prevent rupture of a second coating due the swelling of 
t ie i m co t.in ceo s p> cifk to k in the release Cittern 

U.S. Patent No. 4,327,725 describes a variation of a basse osmotic device 

I <- ~^ ^ o s Tre serm 
^ diffusion of external \u but dot , 

x * ! v. t < s uf-rt The 

nsdoppd ws % tP- i o; - — , j v s <.svurc on the 

i o o t , v , he solution of the active ag nt j 

extern* 1 < v , he surro irs.§ ;dia through a ; ngle 

s \ 1 i p v- < ^ 'phoor. neo.er.6um; 

Sojuc pulsatile delivery systems es;st in the art. U.S. Patent 5. 162 J 1 7 
describes a two pulse tablet of finmrakle for the treatment of prostate cancer. The 
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- \ contains an in se ■ layer win! e seco ^ulse h 
* ' ^ t > v > >n !. di he flut $ra < < in a 

carrier. 'The pulses are separated by a film layer of an emetic coating at 4-15% 
weight percent of fee core. The enteric coating slowly dissolves after the delivery 
Of the first poise of drug allowing the release of the second pulse. Enteric 
coatings as a delaying layer suffer from d; sac van tages of luck of parameters to 
control the precise tuning of the delivery of the second pulse and are limited to 
delivering the second pulse to fee small intestine. The slightly acidic 
environment, of the human colon can cause the enteric coating to stop dissolving 
upon colon entry and may cause the second dose to be undelivered if the delay 
time between the pulses is longer than the time of transit through fee small 
intestine. This disadvantage would be magnified if the first dose were to be 
limbed ode s \ 1 1 j j 

dc ay to the eond pulse \ i > about 3 -4 hours 

U.S. Patent 5,260.069 describes a capsule which contains a plurality of 
pellets with varying delay times to drag release. By mixing pellets of different 
delay times one can obtain pulsatile delivery of the drag. The delay time to drug 
delivery of the pellets is controlled by the pellets containing a swelling agent and 
the drag and being surrounded by a membrane that contains a water insoluble 
ha s he water sola leeompom fin m< h 

, V ^ ,K' X i si?) 

to swell and burst the weakened membrane. U.S. Pasent 5.260,068 describes a 
1 i ^ pmicL-s that have 

>. v > a J % <. t 

with an osmotic agent The paiieis are coals I with t water \ ems able, water - 
u m .that allows water t be pellet ic agen 

i I * using the pullet to sv end event > , to release 
&'ug. s c e> n i v iter pen ami > ot h< ft n coating iffimi the 
U N P <, < 
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*ks ysten s si i & fr ?m d - , $ , n - ^ o \<~<> 

I * \ < ^ n £ n s t \ -■ v - t 

n,\- \ , \ \, j , 

* they travel through the GI tract. This naakes tbc 
5 ^ it i * 

V< 1 « ' I > r , a | , ' ,a ! c system baseci oe sir- j vS ; 

t dosage to s ! : s < is , )Hed by comb >ns 

o com - led re.i < s lym and co< ting Layers. The coat? > at 

10 n e.phu , 5 h: .\ed * . h a waler soluble polymer : This system too suffers from the 

disadvantage fno? manyp 

h«« 5« pellets The system sufft s f i Sis < i it n uj I 

spread of the pellets as they travel through the GI tract making the delivery of the 
dose less site sp< t > 

M Uppold, B, C. and Moekel, J. E. (Acta Pham, Techmi 36(2)37-% 

(1990)1 describe a two pulse tablet system consisting of a triple laminate of 
hydroxvpri v> hi eth\ IccUukxe (HPMC) prepared by successive direct 
compressions. The drug was contained in the inner core and the outer layer with 
a drug free layer separating fee two drug containing layers. The thickness of the 

20 1m k p control di iti >otween bse*» wuhm *in t * ^ $ 

It S S f ) ? i I C i > 

over time of drug delivery than other systems, Furthermore, the lag time 
c.tusmH : mtvu 

TsiiwK<r,u« r l til 

25 t M t ,se o s s s 5 < , < 't| >' th„ \ \vhi In,! 

1 v ! rap. The cue she ^n sted oi 

0' \i „ s - o , v , no ih i 

m - ^ 'j'j )k.-sy r v , ; ^s l e^6seOorU« 

Conte, Ih eh at, (Eur, J. Fharm, Bhpharm,, 38(6):2B9~212 {1992}) 
30 uheatA pv h h- ^ro^iv v v \Uu 
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core whk-h contains drug h overlaid with a filing barrier of 
hydroxyprop i < free The outer layer commas a 

J 0 T - O w ^ the 

rate ofp- 1 j • > \ < yera hs :o <.r <n < ( \ 

5 gelling layer thereby co.tHmi.Hntg the lag time between pulses. This system is 

layer and offers less control over time of drug delivery than other systems., 
1 or hermore, the i sie Is lord 

Otsuka, M. and Matsuda, Y, (Amt Res. U{3}: 35 1-354 (1994)) 
10 , ^ - : . onadsveoat. Th> s ^ 

s core. Th eo.r< 

deMvers the second pulse- This system does not offer many parameters fw 
* > - ( - t ween onises. 

Munday, D.L, (5. JT. P. PhammScL 6(3): 1 82-7 ( 1 996)) describes a matrix 
15 s he i i?fK 

ire pj u s r Mt 1, < < s . , km ttes o! 

release from each component can be controlled and a bi modal pattern of release 

u,g deliver) 

by controlled amount * of fag time 
20 \ v ' <txs an immediate release gastrointestinal drug 

syst s s ompt sed * t a drug c m ain ng co that 
..rronnued ro a Vvorophobn po)>;vc materia! mi<> 
particulates are e: e * -.pes e u< ;l , i e> i! en\ smnment 

the insoluble hydropiulic patt.icl.es swell. As a result of this swelling, channels 
25 form that serve as conduits for the controlled entry of liquid into the core. The 

, n t i t » j ! ,i<i 

u e f v o > <t s > t;x so e 

ints kius : vl s s s i > 

one pulse of a drug, that would allow strict control over the lag time between 
30 pulses oi \ » \ be controllable within wide ranges of k| loses an tl - 
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allow the temporal and spatial separation of doses of the same drug or of two 
different drugs wherever high concentration of a drug for a relatively short period 

time is desired. St cot eo * uent complicate! j, 

regimes or offer opportunities of treatment otherwise not attainable. 

Summary of the Invention 

V ' I »* > < \s - ^, , 

levels of multiple drugs to specific regions of the gastrointestinal tract, and 
cognizant oft < c mpliance, 

the inventors in vs t a ! er s echarosmsfo headnunssu s m of desired 
agents to the gastrointestinal tract. These efforts have culminated with the 
characterization of a unique double, pulse drug delivery system that is not only 
capable of providing one or more desired agents in a desired temporal and spati a! 
manner to specific areas of the gastrointestinal tract, but is also capable of 

k'iru w cr.mne, pulses o s J scents 

Thus, in a first embodiment, the invention is directed to a double pulse 
helm y system or ds for targeted delivery to < cblc loeatiot 

ah nemary canal rhedoob p delivers v 
cortatns a coo » u I ■> vi ulU i \ , < >. t h o 
J k *P * i teriecoatorseo tto mi 

taste or to ease swallowing, is optionally present. The desired agents are 

ncorpurawJ snto t out, v u o Ua « at s released 

a burst (re 'win s sust se fashion., as < red. Release 

of the agent ft t \ s in a bursting 

t «K * , . ^ „ ,->s , , v s i i , s , } 

the desired agent from the outer coat and the release of the dessred agent front the 
core can be adjusted as desired to achieve a prede?enn.ined temporal and spatial 
release of the agems i tht pad m ga trointr ' red tract. 
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C 1 i^ropj sucon <?' I, h •• > > is ' v vlo nU.xxofL'^'*; 
a p;«;ent in need of the same by jJrmmstering the double pulse delivery system 
or device as above to the patient. 

In a farther embodiment, the invention is directed to a .method of 
5 preparing a double pulse delivery system. 

Brief Description of the Figures 

figure i. Diclofenac release from tabieo 229C6/A (10% CFVy coated 

- c 

Figut CC ? k > r >~99/A (5% CPV), coated 

10 with et:yicebciose/CaP - r I : ) 

Figure 3. Diclofenac release from tablets 229-93/B (hardness 11-1.3), 
coated with emyiceUolose/CaP (ratio 1:1.}. 

Figure 4. Diclofenac release from tablets 229-93/A (hardness 5 -6). coated 
^it ^ ' . v t 

15 Figure 5, Sodium salicylate release from tablets 229- 113, coated with 

at skv \ v { « o » * 

Figure 6. Diclofenac release from tablets 263- 1 29 (granulated CaP + CPV 
+ FC. granulated diclofenac -r CPV 4 EC; 50% Emeocelf ; TteJmnth coated with 
ethocei 20/CaP (ratio 1:1). 
20 Ftgnse x » C»t ?V 

v — a , >'o + 5 f i ! ne »o. wit! 

ethoeel 20 Cap (4(P CaP.; 

Figures. DicMes c release from! skts263-J2 a ate* rf» + CP\ 
.Uw.lv ^e ~1 ,< , I s 00% 

25 ethoeel 20/CaP (45% CaP). 

Figure 9. Diclofenac release from tablets 263- 1 23 (granulated CaP + CPV 
•f EC, granulated diclofenac 4- CPV 4- EC. 50% KmcoceiC; D~7ooCg coated with 
u:cv 120 CaP i " CaP 
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Figure 10. Diclofenac release from tablets 229-76/A, coated with 
ethykelklose/CaP (ratio 3:7). 

Figure 11 \ Release from Fabler ^0 j^ng 

< t > <>> i chLv i ho! 1} 

5 F iture si t I U k ^ \ 

Granulation. 

Frgure ' I < Rv oa m IVt m l\ „ , -j^U ts with 

the I ulsc <* \ a One Hoar Delay io the Second Pulse. 
Figure 14, Differentia! Concentration of Pyridostigmine from Double 
10 It > vm 1 1 <l >v tt i! v >nl'0' Ho.r^ n 

to the Second Pulse, 

Figure - > mma- Release from Double Pulse Tablets with 
tedi ! I 5 !< i ! Puis 

Figure id. Differentia! Concentration > ch from Double 

15 Sets with] diaf Rel ase of the First P e t ive fi >e!a 

to the Second Pulse. 

! <. ^ s N I I >u -v> 

h no ft > P.^ id^Of How- Delay to the Second Pulse. 

>• , o 1 . < i t\ h \ < v ton Hnc>^ 

20: Pulse I ablets with Immediate Release of the rust Pulse and a One Hour Delay 

i i 

Isn't' v - 

Immsdi&te R. 1 Thro raise - e ■> Hoar Delay to the Second 

1 e, S,"hum rhe'uieo^e In to DotO* e 

25 s L s M i \ *. } \ > dv> , H \ i \\k Dehs < 

the Second Pulse. 

t e~.ee 2" \ - -- r .no Prlci- u n ^ add l * '\d.P -, t j 
Three Hons Sustaine ; P dea.se 1 n the Pus- Pub. and s Srx Hour Delay to the 
5 v isa 
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Figure 22. Differential Concentration of Pyridostigmine from Double 
Pulse Tablets with a Three Hour Sustained Release for the First Pulse and a Six 
Hour Delay to the Second Pulse - 6 ram Diameter Core. 

Figure 23. Pyridostigmine Release from Double Pulse Tablets with a 
5 Three Hoar Sustained Release for the First Pulse mid a Free Hour Delay to the 

Second Pulse - 5 mm Diameter Core. 

Figure 24. DifferemkJ Concentration of Pyridostigmine feora Double 
PuPe fehb -s ^ m v \ no. h < PC, ^ \ f < < f > 3 nd a Ptv v 

Hour Delay to the Second Pulse - 3 mm Diameter Com, 

10 

Detailed Description of ike Preferred Embodiments 
Befmffifms 

In the description that follows, a number of terms used in pharmacology 
are extensi vely utilized in order to provide & clear and consistent understanding 
IS t t < 0 he '!,<. the 

foHovungd<. ; i 

used herein 

Oor example, the icons ''colon/' "large n * TrnCl intestine,"" 1 
"stomachy < ms arid "ileum" are ah used according to their «■ <. I 

20 meanings. 

ur t \ i x rs I | 

Hrm >uu n n a In h s ^ f , , } t - - eo > n m $ J 
is suro am by a d< fined sen oas 

coa Is ! £ ^ ex - ! - - - coaly "eo * Iny layer, 

23 "covering." and me iike are imerch.»ngcafele. 
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By "pi < i t s lied by sunx)undmg a cor 

i ■> j j > v \ < wlm -sg pressure to 

coat. 

By "spray coat" b intended a coat that is formed by spraying a solution or 
5 s | t -, u > O x , ! d ( , i <. a - '3 , v ' , .e v ' s < Mi < >n 

drying the. solution or the suspension on the core material 

: cvcroyUy ad:; asa'p 1 , i 

i " 1 > I i kv 0 s ... IP , s - SK ^ v. 'i 

1 • >a u it in need of the same. Thus, a "pulse" of a desired 

1ft agent results in & brief, sudden release of a desired amount of an agent from a 

1 v 1 ! t , s " 1 iP t 

' S ! ! < 1 ( \ h A 

and above whatever level of the agent had been previously present, if any, prior 
to tl e pulse 

IS i - - >ex are provided. Preferably, the pulse is (he result of an Immediate 

release or a short sustained release of the drug. 

By delivering a desired agent such as a drug in a ptdsaoay * manner is 
1 n provides more thm one, that i 

repeated sudden releases of desired concentrations of the drug, so that repeated 
20 rapid increases in drug concentrations can be detected that are over and above 

lo< bsui . es vt * i i em r - j o ^ \. 

release. 

By a coating being "burst" open is intended that the coating comes- open 
or flies apart suddenly, as from internal pressure, In a manner that breaks, 
25 \ u n s «■ ? la 

n> luneas 

By the te < t seord 7 is 1 vers ol x 

desired agent in a manner that is the result of a burst in which the structure 
£ saxh a^en eL ^ v,e t ^ -mo 00 



By tin er rt s st un< V release livery is intended the delivery 

^K* 1 f! fc V U i e \ ! ! t V 

not releases all or essentially all the agent at the sense time, net over a 
"prolonged" period of time, but rather releases the agent over a relatively short 
3 period of dree, for example, less than five hours. 

By the ten "prolonged" release or delivery is intended tK delivery ef a 
desired agen t hi a manner in -which the structure continuing such agent released 
ail er essentially ad of die agent, for example, for a period of time that is five 
hours or longer. 

10 E V a lag time" or "delay time" is intended a tame period between two 

events. For example, by a kg time between two pulses of release of a desired 
agent is intt < \ of time after da iation of & f msi rek 

of a desired agent and before the initiation of the second release of a desired 
agent. 

15; 

acid groups existing as their methyl ester is less than 40%. 

By the term "delivery device" or "delivery system" is intended a 
preparation that is contrived to deliver a desired agent, such as a drag. The 
preparation cau be a combination of simple or complex formulations of 
30 chemicals, with or without excipients. as noted .herein. The delivery can be 

eo»tn>Uedc , <.emderve-\ 

of a desired agent may be preset by the composition of the formulation or 

oation. Seed < \ I and/or c ns. In t 

context of the invention, "delivery device" and "delivery system" are 
25 interchangeable. 

Symetejm < s 

1 e compos c i o rt t semi m the 

iiagnos s, cure, miuga venison c ssease. or fo am othet 

' i put] rht Irug" is intended m r idly a 

311 limited in terms of chemical composition or biological activity. 
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h h u >5 is im of. i { With respei 

to the present invent* >st. the term "core" in particular refers to that part of (he two 
N c drug delivery system that is surroun , c 

and which contains at least one desired agent, tor example a drug, that is to be 
released from the delivery system. 

^ 1 ' utett tp edofsepara 

particles, la the context of the present invention, these separate panicles, the 
particulates, are particles of a %drppMie but insoluble polymer and are 
mbedded in the inner c< x ft is t! 

liquid by these particles that creates channels, pores, or networks that allow 

g of the inner core When the in wells, t indiviriu 

tau'cles of thai p t i N mVt 

coalesce into a single get (i.e., coherent gel) that would prevent the core (tablet) 
from disintegrating (},<?.„ behaving as ahydroael). 

By the term "water-insoluble" is intended not susceptible to being 
dissol ved (in water). Within the context of the present invention, the property of 
water-insolubility is important as follows. Both the hydrophobic film and the 
hydrophilk particulates that make up the inner coat are water-insoluble and 
insoluble in the fluids of the i. t » * s i »s property is < > » for 

the hydrophobic coat «,» as to paver, , < s, , as , ,nner,o t 

1 u vJ release of the drug. This property is 

1 - " - < 1 - 1 h meis formed 

emain intact aj t Jet Oow to control the timed j rss < I 

drug. The premature dissolution of the particulates would result in empty 
channels that would cause undes; mVc accelerate d wafer un;.4c and v.rpn matt; e 
drug release. 

b>thete-a v a;.u v\uhh moi -i-i-u^er -eOKunee vd'>>\Pa 

water). 

The term 'hydrophobic" when applied :o 3 turn means, besides its norma! 
definition, relatively r«»n -permeable to water and to water-soluble compounds 
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The term "hydi ophihe 'wb s.n aj >plied to a film, means, besides Its normal 
definition, relatively permeable to water and to water-soluble compounds. 

By the \ 5 t nx. h f > , <. 1 ,s - us » she firm fixation > 
material m a medium. WitMa the context of die present invemkm, this term 
5 refers top > - ttd io the e< ring medh«»< 

The term "microcapsule." "micropattick," and "microsphere" are used in 
tnrecognized s< .1 s in the 

submicfon to approximate 1000 micron range. The preferred ranges are from 1 
to 200 m*. , • « ^ lOu -morons 

0 By the term harm is intended * « - which; des < 

substance can flow. In the context of $ p-vsetn lincniion. channels: are the 
connections formed from the uptake of water and swelling of the particulate 
matter m the inner coating. To pass the aqueous m the particulates swell 
or otherwise absorb water so that there is continuous contact anions a series of 
5 swollen particulate matter that results in a conduits through which the aqueous 

medium outside of the delivery system or device, can pass and ultimate!) he 
brought into contact with the core materia] in the device. 

By the term "administer' to a pattern o intended the introduction of the 
delivery system or device of the present invention into a subject. When 
t0 administration is for the purpose of treatment, administration may he for either 

prophylactic o therapeutic ? \ ses When r. n $ the 

v % ^ t * x ivance oi an> symptom The prophylactic 

i s t v of the substance serves to prevent or attenuate t subsequent 

1$ after) the sns$ I si t syropion f he th raneatic acimmis j st on i f this substance 

as to attenuate y at > i 

By the term "animal" is intended any living creature that contains a 
easUoimtestina! tr* t oj ah nent tr> < as a and a v nch the de\ ■ ex w th< p < en 
! hi i v d v ^ do , iom m „ , urns, vex 

i0 the invention is not intended to he so limbing, it being within the contemplation 
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of the present invention to apply the compositions rf the invent! m < am and all 

t u ^ i he rru v h !•> fhcacl u 

system and methods of the invents©* are aot Umue x t » v > > 

including (but not limited to) pets such as dogs, cats, horses, fish and birds, zoo 
animals, wild, animal control and treatment, and agncchuKuhy nrtponanr animals 
of the food and dairy industry such as cattle, milk cows, swine and poultry. 

The invention js a two pulse deliver/ system for the del - very of one or 
ioo-deso ! r ir no ry systeu 

S> < v * ! !« , < L ^ x s\N , < 

WO 99/18938, US, Appi, No, 09/163,202, filed September 30, H>98 and U.S. 
Appi, No. 08/948,233, filed October 9, 199? (each incorporated herein by 

v n, tvl c\so ai^v l"'^^oe isr memo-a I , 

a formulation that provides a "first paise" of a desired agent in & burst or 
sustained relea to the gasu ng deliver} t 

ofU.vS A.pp No 0 

agent, teg nnu ttaal <3ru - system of U.S. Appi, No, 09/163,202, 

H, ^ , i S i!ki ] N i S t i v jOt t . p OUi Cn - sX> it t 

i >Ks e; i !« i < - t 

\ ofih e* pulse mem known in tiie art are limited in the amount 
of spatial and l.!<- « <s< c> < -t o. v, n ,\ > , <>\ ,> e r, , - the desired agents. 

n> in j_ u < s< t n 

! <^ H t - S ! _ i v < v u \ Y' d tV 

fc ease o ;a b } s he a,J the nature of {he reieuv .>| she first pulse a* an 

UTU'i U x M v \ O js n 

system rather than a two pulse system. The pores of the delivery system described 
in WO 99/18938 are of a very minute and delicate nature. The nature of the 
n ! sieo v\huh the pa n\ « . < » sle to atasorl 

water tor the system •<> function properly, lends itself so a ch potential tor a 
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1 f> nJ a i f - „ x, t « , ni« i s r 

pafficufe.es is surrounded by 3 further coat. 

la addition, the particulate containing layer is susceptible to a problem. 

u 1 t v. v is h - , v 

5 ! i i I i v << v 

remsuamg together to retail the integrity of the delivery system umi! a desired 

* < aber ingestion. < 1 n is especially a concern when a short sustained 
release i desired (rather than an immediate release). 

Cor r. » to the expectations regardoig potential problems with clogging 
10 and capping of the delivery system of WO 99/18938, the Inventors have 

discovered that the deli very system of WO 99/18938 ess be further coated in a 

aer that does no? a I < gs ability to be ex 

toss<a\.-tm ^ t 1 ,o)L\nim& 

coat oi tl v current invenoo > ^ t iy to s 

15 atior the uter eoa lo additior the outer drug 

containing coat of the invention can be designed to obviate the capping problem, 
V dingp coxdio to the invention one or mm h s van now he 
independently or otherwise separately delivered in a desired temporal, spadal arid 
immediate or short-sustained release manner to the gastrointestinal tract and 
20 colon. 

1 h u > Mi on se^-es as *m< s 

en v i d s ds \ v \ 0 tract 

It > 1 o t may 
I isitionsol h 

25 invention. 

V A O H J X \ X il} ( }, 

a cos mate tai that is mrioon led b% two tbfferent - oat; (an - 000 coat are. art 

* or ecu: Ik .0 . s JO oh- s vLt, v ^> > v \ a net < 
s s s 5 1 >at« * em to a \ indsthci 

30 coat. The ixsxter coat -s a distinct layer that tmrvonnds e sweilable ceo:. The sneer 
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coat physically separates the core from the outer coat The. core and the outer coal 

sprayed, over She inner coat. 

The first poise of t ed mt is prose ni delivered from, ti 

outer coat. The first pulse can be released m an immediate release or a controlled 
release f Th« outer coat can be s » < v 
disintegrating layer. A "disintegrating" layer provides an immediate, burst 
delivery. Thus the outer coat cat; provide an immediate, hurst delivery of the fmt 
i * n immediate release is desires heout« In >routs 

<u -> g««< % c< tain ths ,, ed age-n > combination with one m more 
exeipiems. These- exctpe«ts can be known exeipiems of tablets that are well 
known in the art. Ex ampks of known excipients for a pressed immediate release 
coat are lactose, m.k povidone aiclom pectinate 

ethylceliuiose, calcium phosphate, magnesium stearate, silicon dioxide, starch, 
and duintegrants such as erospovidone. Examples of known excipients that may 
be used for a sustained release layer am hydroxypropylmethykeilaiose, povidone, 
gelatin, waxes, low methoxy pectin, pectin, lactose, starch, silicone dioxide and 
smiree num e i afc 

V I us to etc* beads , * , j , 

the first pulse in the stomach, or optionally coated with aa enteric coat for the 

% > i urn 1 > . i , j 

embodiment, the. pressed coat may be of a formulation mat whs give a shoo (one 
five n so^aened iS-kase r ho first pulse of the drug followed by the 
second pulse - tore >k rammrd de;ay or \ above, an emene 
coating can optionally be added to this preferred embodiment depending upon 
whether it is desired that the release start m the stomach or in the upper small 
intestine, 

x ray coat is used as th er coat it is genera { 

• i H <vo ?rsv m'hetmo I 

< ^ s - -fi. erne b oil In \ „ c x xf cv, n * 



an nd i 6c example h> yk < s * 

! 1 .5 s i > x K < s^kfi v. i 1 - v s 

"»ce srrav co< mat tv 

formulated to give a short sustained release by forming & coat that slowly 

it l < S v < X < s k 

first dose of a desired agent, low methoxv peetm a, used m ,t v 
pressed octet laves 

The formulation of the outer coat may be the same or similar formulation 
10 as the core with the same drug or alternately with another drug. The fonnulation 

d disimeg ahn.. t 

! t <" > > f ' k nSUMOB; 

is next to it and that separates it from the core. The blend used to produce the 
i > - ^ * ^ needs m be designed v x - vj 

15 layer adheres well to the particulate containing inner coat which underlies it, so 

that it does not undergo "capping" or immediately separate from the coated core 
wet. Formulations us produce susb leas may b us« 1 

> rtt n t «s oute coat layer ma) compels s 50 

• nttv M> .> ^ s ht sH> sco.tp; lot x >-:5 M^xtdotr 
20 20%, most preferably 8-15%, drug 0.1 -50%, most preferably 1-10%, low 

me:hox>peu ( % ferahlydO tearate0-2 
m ssl pre :rab > 5-18 

ic outer < m be designs esist >v s \ I f'tb 

desired agsnt a > j ^ ^ « sn > _ „ m evmrete a 

25 x ,oi t x 

v. 1 ! itS i , s< , i I |i 1 ! 

desired agent are separated by a predetermined period of time. The release of the 
i \v v i e ies f i > , s ! ; 5 j 

be tart m in mst put : ea -e "iv u\ \i i > 1 < ,v h-Lven 
30 >t,n oo v i - \ an .m^ v 5 i o* > > > 



is characterised as a time af ter the start of (he release of the first pulse until the 
stars of the release of the second pulse. Duong this tune, the ianer coat is still 
intact and then; is no, or relatively little, release of the desired agent that Is tpbe 
released v th the second puis 
5 sufficient time to ditfiran „ 5 os > o t rue uehsory Josac* so 

that 31 releases the first -pulse of a desired agent at the same or a different site in 
the gastrointestinal tract than the second poise of the uestred age-nt. 

The hioereoa! physically separates x <. 
coat serves to control the rate of liquid entry into the core. The inner coat is 
10 tx mpesed o n! i is polymer ma u ri ot 

H A ! S , 0 in l O ,s sokOOu < d ^ 

non- water-soluble, particulates that are embedded within the material. The inner 
coat is thus a. mixture of insoluble hydrophiiic particles embedded in a 
hydrophobic polymer. Preferably, the hydrophobic polymer used in the inner coat 
15 t > OIK 0 t i 

that is used hi the Inner coat shook! be one that resists water entry into the core. 
The hydrophiiic. nonsoiubk: panicles are preferably capable of swelling, but do 
not necessarily need to as long as they can control the entry of aqueous solution 
inl the core i co i o ed maane II design d' the ehvery system is such 
20 that the inner t dete es the rate of wat ta vhi ' ss ngt th* 

core, which depends on the rate of water uptake and on the swelling properties 
v ' determine^ the time of bre<.,e vt the coat 
Upon exposure ? tfesiinal enviro 

exempted e s- u - , se < e, < t * . - h < s k 

25 s t'Y 'iruy Ki, s sv< < i < r v un a 

s N 5 , n 1 x >>vj ^ is s a M , < (li.i 

Oin^er < < <. , s u < <, tao 

eh inf.of.hr e channels allow ct tk m 

of water entry into the core of the system, such water coming horn the outside of 
30 the coat into the core. The core preferably has the ability to swell and Impart 



essnr t s S o < > » inside as it absorbs wate 

Drag release from the core can be delayed or prevented ami! a predetermined 
! < n ! > 5 t <> s c 

factors that influence the rate of liquid intake by the inner coat are the 
5 weight percen I hi sarticiex, the urx m\k the awe 

eharack i > I >h boity 

H > * ^ ( !!! onan 

rigid hydrophobic polymer, and (2) insoluble hydrophiiic polymer punk ies that 
>rcferaf: swell i I c nd that allow the entry of tiq ito the c r in a 
10 t «"«. I ! f < > ,-;> v | , ^ In pMs, c\ uut h- 

rigid enough so that when it is cast as a Sim, including the non-soluble 
hydrophiiic particle, the ■'toughness" parameter - which is the area under the 
stress-strain e vein he } \ ear (unit < ersy/area) - 

will give values of 0.009-0.21 MPa. 

inner coat include, but a«j not Knakii < • l t< Pi >< 

Endragd® RS™, shellac and zseia, E&><ieeMalose is the preferred polymer. 
EthyfcelMose NE-20 is a highly preferred polymer. Eudragh® RI.tm - ls a 

0 ^ % * 1 f >v k! b sidf ! 

20 icrylicamlm« ryii< ;ters with a low ontcnt of quates iry ammonium 

groups ? oups to the rernairnn k 

- - ^ oP V 

Ammom <Vvii , i ^ op \ r \ si ; pv \ 

1 ^ d n ' {s , < s < , r \ > m « n i 

25 - j s ryHc and raethacryiic ac d esters 

s < k i rto'lar ratio o! t x 

! v ! U" i , v ,i K X n O I 

si Ivn« -rmspot t, USP/M \mm \ ; cfopnx p B 

1 r 1 x i 3 t 1 < < > r>, 

30 copolymer, an anionic copolymer based on methacryik acid and 



nie%lrnethacr/iate or cm methaeryiic acid and ethyiaerykte. The ratio of free 
carboxyl groups to the ester groups is approximately 1:1, This polymer 
corresp nds SIYNF'Th yiic A ^ uulTypeC 

I in i \ ! mi! r v coat, aire arabb 

5 i < < s ! ! s * , < s 5 ! 

eharides Suchpolysacch s 
. s ted f ifchnn pectinate, < isin e, calciuo 

s m t < e - . s ^ i 

salt renders the polysaccharide insoluble ia water, .uucrocrysiablne starch, 
10 msoiubie starch, my water insoluble peb 'h 1 v t> <• or 

uimrociys.tabme cellulose c any p05y.saccha.ride rendered insoluble by interacts ug 
vn u v > polymniom si any \ - m polysaccharide 

i £ ' K ' ' v ? > i * Such 

crossliukmg agents include, bin are not limited to, glut amldehvde, formaldehyde, 

15 and 

h rb efe ed embodiment, the p, t im is, or 
sou-- -\, , akmcu r : tv.' 

The iooer aod/or o - ^ and especially die 4 ■csolcble carrier in 

i sene; s - , i i t > < i ,sp > i\ 
20 known in the m. 

1 1 x v! i v es s not limited (o, 

i < ehbes <-\b mcd 

s v >. j a afcr-insoiuble 

s hi ^ < v ) S ! » v f s j 

25 in a dried powdc * | t u e? \ - 

known in the an as the water insoluble canicr Specific examples of useful 
particulate material include, but are not limited to, insoluble starch, 
mierocrystaihne starch, microetystahisK cellulose, chkosan, calcium or zinc 
i \m < i \ g < h c or 

30 ft ksbych w , be | gknarakiehydt formait I 



PCm'S88/!5185 



f s - iked dextran, gtetaraldehyde-- or 

d v<- i soluble starch, v ; v 1 or formaldehyde- 

< ' ! < oh sed gela I 1 < i j osstfe&ed 

5 comple f > < uidt s h-v or peptide glutanddehyds or 

formaidehyde-crossimfced hydroxypropykeilutose, gftitaraMehyde- or 
fornuridehyde-crosstiaked hydroxyethykermlosc, gletaraidehyde-- or 

crasshnket ; -. x 

10 carrier include, but are not limited U\ Etsdragit® RL™, Eudragit® RS™„ 

thyicclfeh she! od zeh 

M preferred embodiment, die hydrophilic particles are calcium pectinate 
white the hydrophobic polymer is ethyleelhbose, in most preferred embodtenerOo 
m '.,!' : :s w ><\vn \ei , 1 v< U * d , c ^ > \ ^ t 
15 is. of a particle size of less than 149 p with a ratio of particles to polymer of 1:1 

or calcium pectinate of particle size less than 106 p and a panicle to polymer mho 
of 3 2 <■ v < 

>et.wt se.s. 1 piem ng eel 20 

-aieomi rt\i 1 < < % < <: 

20 P i ^ | i i ve a delay imc 

ox \ horn v.bde e ' r e< 1 . 5 % . - n * - in 

It shoe, 1 ei m ^ o oa mmc !bj ma e::< I t an \ i c< emhmde 1 

ri<»nr.,mef snihetwo 
T n 1 ; t <h t oe 

25 lisur I s its 

filled channels or networks whemb) aqueous medium <; an 0* w mm the core and 
alio* do- core to swell 

< I i \ h t m tl 

fxn f 1 s >• I i edrn i < c i 

30 material. The earner material is a material that swells open contact with an 



aqueous medium such as thai which is passed through the inner coat, for example, 
fee aqueous medium, or water, from the gastrointestinal tract Upon entry of 
s s t ee, which occurs upon formation, of « jels 

through the inner coat, the core swells. The swelling core then hursts the inner 
coat. The unveiled core (which now lacks the protection of the inner coat) then 
disintegr i > „ i ! i pufrs<t 

Thos, on sent s i o 1 c< Ss i y to absorb 

aqueous medium such as that found hi the gastrointestinal tract, artel especially 
water, and. as a result, to swell, preferably considerably. The carrier materia] in 
the core must he able to swell to the degree necessary to imparl sufficient 
pressure on the coat that, the coat bursts at least, m part as a result of the pressure. 
1 ht ) t I it c J i u ) a ^u-ihn 

moderately rapid, slow, etc, 

A further characteristic of the core is that It disintegrates rapidly after ii 
has been unveiled, that is, after the coat that surrounds it has hurst. Release of the 
drug h orn the cere section provides a controlled release of a second pulse of the 
drug that is in the core, a release that is delayed relative to the release of the first 
pulse. As with the outer coat, the core can contain one drug, or more than one 
drug. 

The second pulse of the drug is delivered from the coated core as the 
x ^ i >. Ih ! ! en m an 

immediate ov o , n\ ,c,omo I < < .critics of the 

N s ^ ., a eleaseoHV 

dsug in ua ceo is ad;a\e i. c 'esc m pan, h\ she prepenses oi Uie inner co^t ami 

the core. 

- ' on ii s s « core by da t, t h ongei 

cosfmed by the coat(s) or core oacena of the delivery system of the invention. 
1 he dtug th a is adc s \" can t\ - a tern? ;hai n m,,\ , > av;,TiNc to dehoer 
a desired efficacious effect. Alternatively, the drug that is released can be iu & 
is no mediately active, hut t t I 
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<> « hx vstd de >ver\ t'n-i. * os i v m :ee o a , *^ 
the site of release or distal jo toe same. 

The core cm influence the rate of water intake for a given coating 
thickness. A relatively high concentration of water soluble sails in the core 
(relative to the outside of the tablet) causes a high osmotic gradient across the 
embi i u i ud i 

The time at which the core will burst can be varied and set for a 

s ^ n <! 5 ^ t r- 1 \ M til. Umg 

especially the characteristics of the inner coat. The time of release can he adjusted 
by varying the number of hydrophihc particulates that are in the inner coat. For 
example, an inner coat with relatively more particulates will absorb water and 
form channels t c with relative!) t in i , 

? !, t >* » «ri Ms-, aivelymorel irop Ilex II absorb watei i rrn 
cha \m i h iy less hvdrophiik 

The properties of the core further give it the characteristic that it 
1 » breach of the oner cot giving a burst of < g release at a 

predetermined site in a gastromte^nai tract, JM ^ tmy U embedded in the 
core material or otherwise associated with the core material, for example by dry 
admixture, or wet granulation. The core can be in the form of a matrix tablet or 
- * t isp h he core can mix the 

- x ^ v h softhe. p eagen \lfernativel) the ore an coma j 1 h 
N o! i "ho >k\il \Km i i e u.k . j 

Ci !! ' - " una < aj - Cs that comam die dc ire 1 ante: Mor ih n >oe of the 
harms can t ens ret , more than one < s . e^n be dehvered in the 
im del cry system 4 the om elease o i.r sent b) hs 

bursting of the core rs effective. 

Thus, the Lore has *ho -c.-cn: ;i .'\ i ',cciis;,;\ of rxma capable Ol 
*< v < ^ * i J 1 t . i s ,o^k1ud id 

* ' - K ' n v. bs ^ { servers h\l tlwt 

» l « rs so as to bring aix s t s ; j 
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ini dates arid/or otherwise facilitates disintegration. By "disintegrating raptdiy" is 
intended that the disintegration occurs essentially in a burst, the burst being 
sufficient to release effmaeious amounts of the drug from the delivery device or 
system. 

r v \ s^ i i i ? v i ( ' 

thai is capable of swelling considerably but that does not form a strong gel (i.e. y 
hydrogel), i 

Useful in < 1 i ms.h use in eco« mcludt but in sol 
ibted to < I dstdtenfotpoiysace es calcium p< tma 
or calcium alginate, or a if \ » i % v as 

glutaraldehyde -cross keo sua; gt \ xem ts ^> acid o I u vegotaha 
gum. i \ < e w sK't uisoluHle 

polymer. When calcium pectinate is used, it is preferably present in the core at a 
range of around of 20-70% (weight/weight); more preferably.. 30-60%. 

If a polymer is cross-linked, the cross-linking should be such that the 
polymer swells considerably but does not form a coherent gel The proper degree 
of cross-linking {%*., "heavy" within the context of the invention) means mat a 
large percent of the monomer units arc cross > I » 

are many cross-links per polymer chain. The absolute degree of cross-Unking is 
fiexibi and is base cshra ex h , ed above Thus, ores 

inking can be orrel tte 1 c- h ha irogel a rotation tn tssays known in the art 

v ^< . bov.c^ h t u- •> w< o < h m< 

useful as the core materia; s f it meets the functional requirements of the two guise 
.vtu-\ -\o\\-;.s i >u i r e functional retgiiremtni i 
s> nnc v'i , u m " . x *< . c g>. * is > m > < 11 . >s ,< t > ». 
core ohs ox.ociu;:^ formed by the nartu a. muse tec as 
hsorOrd watou the t > i! J ' 

« i ough to a \m 1 s most oi the drug presen n th : core ! > be re e; ;< I 
bum \ « > s r , m^mm^U** 

cause the necessary amount of swelling. 
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4 btn are not limited o Crospovidone and 
f » >x it 1 ! < ! * j s relevant. These 

i own to foe ordinary s x> ! i s i reference hsm hs s 
ax! other types of dosage components can be found, for example, m 
5 Pharma .eiUk t 1 

m.'. Second > J iuv« , > I , Nov, \-! , \ * n , s 

!V»!0 noc\1» tot t * . ; n < ! - . ! t ; < , \ , \ , fwUov 

< ! f i O .it „ %t iCC <t J," - , 

most preferably around H}%. 

The core can also contains a hardness enhancer. Useful 'hardness 
enhancers include, but are not limited to, microem?.-- m x x - > \ . 
larch, pol >yj j t ei ydroxypropykci tu I 

few ox k tr weight hy< * - ethykeiluiose In a preferred 
embodiment, micmcrystaliine cellulose (MCC) is the hardness enhancer. MCC 
15 s , 

o 1 1 ps v>40%. 

Theoo ^ • " u v iiu - lubnsx.mv toon *s j u ^eatateer 
talc, glidants, such as fomed silica, binders for granulates, such as eshykdiulose, 
C N ^ ^ ! f a x ^eun \v u t h\\ x *k binder 

20 lowevc >drer binders are known n the an Phan Dosa 

Tablets, Vol. I, Herbert A. Uebermao, «* afc, eds.. Second Edition, Marcell 
Dckkerlnc Vv York Ml 1^4 ! Tbas thva is 
es a kextipients (S^ MahJbook {Pharmaceutical 
Excipients t 2nd ed,, Wade, A. and Weller, PJ„ ed$, ( American Pharmaceutical 
25 Association (1994)), 

Combinations ol mttetial n als useful for the core For example, 
additional useful core material . i semde, but are not unseed to combinations of 
x citsrs ctins i o n f ! starch, start poly ipyrro >\ 
mserocrystalhe - ellulc ;e alcktra pfeosj ha s, an I < ross-l rtke 1 roar gym. hi 
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phosphate. 

eforedembodimeB ! eludes calciomp 

Crosprovidotte, nhcroervstaOins cellulose, starch, or macrocrystalline starch or 
5 , < mate core mates > ! ot limited 

car boas ! i 

ross-J ked h^dropbtbc pob c r 
algini.e acid, sodium alginate, carrageenam or any other standard tablet osxgbent 
known to those in the art (See Handbook of Pharmaceutical Excipienu, 2nd d 
10 Wade, A and Welter, P.I., eds., American Pharmaceutical *ssociauon (1994)) 

The core, diameter can range from I mm to 15 ram, and is pref erably 4 - 
6 mm. The inner coat can range from 2 to 50 mg/cnr and is preierabiy from 4 to 
i I t d particui the inner coat car; rom 1 

to 95% and is preferably SO - 70 %. The particle size of the particulate matter can 
IS range from 0. 1 microns to 500 microns, and Is preferably from 1 to 1 SO microns. 

The outer coat may be a spray coat of 5 - 1 00 mg per tablet, most preferably 20 - 
50 mg pet tablet The outer coat Is preferably a pressed coat of 7 - 10 mm 
diameter, most preferably 8 - 9 mm with a weight of 150 to 250 mg. 

b> i ocnt, the outer coat is further coated with a 

20 third coat, which is an smenc coat as known in the art. The enteric (third) coat is 

P < v «. ^ > I ! t I d Uv o K i oat ■> bt vK 

c v ts . ! n ; ^ , ^ , , - )V ^ I i ! f 

used oo top o th oute coa meiude. bat are nor. limited to, coatis 5 1 ease 
swallowing <. \ I ci \ < > 1 , S Appl No. 

25 o\048 ! >^h v n 5 \ , v j „ean ^ vcwo the cms -g 

t ^ t e i , - t a I hi 1 I 

enteric coat, if present, • •. adjacent to, and cavers, the outer coat, and does not 
contact the inner coat. An enters; coat allows the two pulse gastrointestinal drug 
deliver) system of the invention t tl c 1 i e stomach before 

30 - x c t »v fs - < < , a ac< ocw < cad to pass ss \ 
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*t^« v« x ! -lioif , \t ^ , e > 

e enteric coat disw> i < hug delivery systen 

to the intestinal environment A coat that is added so ease swallowing or to mask 
taste dissolves after swallowing, preferably in the stomach. Whether the coating 
5 is an enteric coat or a coat designed to. ease swallowing or to mas) taste, s t - 

coat composition that pro vides such desired property, rather than an agent that is 
t s s > - ' s >. n t ^ mm - o t m , v,\ r - 
fluids of the mouth and/or stomach and the outer coat of the invention. Thus 
vhik ; co sdest «e< U.S. Appl.No.09 2.02 : and U.S. Appl 

*® 1 x s <m to mmu n the 

e si ccture and to dekn release from the same until 
the intestinal environment is reached, an enteric coating does not have a desired 
agent for release into the gastrointestinal tract incorporated, into it. 

In a preferred embodiment. Eadmgd® L™ is used as an enteric coat to 
15 ^ u j t v p 5 

acid | of She stomach. The enteric coat dissolves in the upper part of the small 
intestine. The particulate calcium pectinate starts to slowly swell as intestinal 
fluid enters the coating. After the predetermined amount of time, channels have 
formed, the core has swollen and the drag is released in a burst upon tablet 
20 e s< s , nrn«i coat will .reduce the delay in drug release ! al 

th^ry oi to ! re these, ail i 1 c e II 

lengthen the delay so that the second pahe \ released m the colon. 

^ t ' I. \ 

than one Kurd ^t e m s ! i > en >> h 

25 each guiw h ^ ^ 1 hes vie it' 

<- x * x. e S -\-; „\i et m \ .mer.t She desnx x s 

e outer coa g y be designe ehg - the imbibing < 

water by the particulates in the irmer coating until the outer coating is breached 
> d SS< >>ed > such des s not an essenh eat > vie h 
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Furthermore-, in many embodiment of the invention, the outer core will be m 
romeer,te trfc^t i r v t i , , I ; v , r ,y r - e\am 

Drue release a controlled to va-ydsy, the toboo am p,o.aea-tcrs: (l! stee 
! , t id terin tta inner u , - " , s m , v 

5 v ^n~\ t ! ; , j s , ; > 

1 i u l ! Ui , , H , , v 

- ronnme uaanai , for the sk vi >t , amoura < f s * «, j h t 
particulate matter; t'7 } the intrinsic hydrophilichv of the particulate matter; < < the 
rate of .welling of the core; and (9} the salt concentration m the core, 
10 Thus i oe \ - t - x > » o\ rtl ! 

for enleraiiy administering a drug or other bioactree compound to a patient in 
need of such drug whenever it is accessary or desired thai such drug be 
specifically provided locally in the. gastrointestinal tract, la the invention, the 
umg that- is m the core is not released solely through channels created in the 
IS coating , but is released by a burst that occurs at a predetermined time at which the 

inner coat is broken ami the core tablet disintegrates with simultaneous release 
of ah or most of the drug. 

In the two pulse system embodiment of the invention the first pulse is 
rati v x ; t Ion with the 

21) <. x * x | f j j i ! Jj u 

of the j t pulse i.e he sua estis isceru tg coIoj trans vers ,i 

<. n o colore depending oa where the first pulse was released and the delay 
' ' ' tali) preferable areas i t drug release are the 

N ) ^ s , on I -a se 

25 f'he do < M < j i v I vet 

clous levels ? igs designed h < * ofdisea 

of particular areas of the alimentary tract. These diseases include, hut are not 
boned to inflammatory bowt hse ;< < oh s disease, coltta irrisal : bow<= 
syndrome (IBS), local spasmolytic action, ulceration of the mucosa, d'arrhca. 
30 constipation, polyps, carcinomas, easts, infections disorders, and parasitic 



r/us 



disorders. The drug delivery system further provides a method for oral 
immunization thtough either the Fever's Patches or through the color?. 

rm e, < a- o m^he; . vffes\ the abi m, m~ targe\og the local 

delivery of agents for photodynamtc therapy. 

IVu ^ v > m be os 

efficacious levels of drugs through a targeted area, of the alimentary canal Drugs 
tlm u ' e " 4 ' ! d, aod/ot show lesser side effects, in the distal parts of the 

alimentary canal can be directed to those sites. The delivery system allows 
delivery to the duodenum, jejunum, ileum, ascendugg colon, transverse colon, and 
descending colon as the she for systemic drug delivery. 

The invention is also directed to a method for the preparation of the drug 
delivery system. The preferred method of preparation is by the preparation of a 
suspension of the hydrophihe, wttter^nsoiafoie paiticnlate in an alcoholic solution 
of a hynrophofnc polymer. This suspension is spray coated onto the core tablet 
ot capsule using convention $1 pan coating te Tnolog} 

The delivery system of the invention provides many advantages over the 
sustained delivery of drugs. First, delivery of a deshed agent such as a drug in 
pulses allows the body time to readjust between doses. The readjustment time 
helps alleviate the build up of tolerance. 

Second, the pnh id deliver) of the invention maximizes tf ;u» m- gar I 
tbus dehve.) oi L i , vt rh absorbed 

through the membranes of the 01 tract. Localizing the release of the drug in 
space and time allows a relatively large concentration to be presented at the 
membra* e surf ice ibi co ee.ntr&iio I siou ot the drug. 

fhird the ahilit) to carefully < i ng of the release between 

doses of potent drugs or combinations of drugs is a further advantage to the two 
pulse delivery system of the j a vention. Patients cannot usually be trusted to take 
t $ ' t exact predete ed times t i ng I % ni sgs can 

- s ^ uV-iKiLsiitwi^ o\ ,m\\ < s uKe » 

! ^ i s | or i < - , t s> f 
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drag and >s not depend* 
schedule. 

Fourth, the two s v 1 system oik he mventlon allows control over 
the si is at which the second ptd.se of the drug occurs. 
5 n l o > i < <. 1 K \ v n\ ; 

and ten * ttion ofth ! ! en \ t > t 

advantageous to treat a condition. Drugs: that might adversely interact with each 
t i c<m U t i to v i l,s ht , > , w 

adm-m^K a n ff e ther at d dob \ e ~ed * N s s 
10 cv\ h 1 

> undesirable ox s ect It 

is also advantageous to improve the absorption of poorly absorbed drags by 
ns\ jd Ovng f sleeps , 4 s - j , * mt 

considered to be suitable, whether in the small intestine or in the colon, although 
IS mpm 1 t o i s s , vo h^ f i < o the core 

is the colon. 

Seventh, the invention is especially useful for the delivery of drags that 
have a high m of first p \ ) eryaceordin h device of the 

invention allows such drugs the maximum opportunity to attain efficacious 
20 \ By delivering a burst of the drug t s tab i 

,i g tOSltO v l v ! ' M h v, O, s Si 

of the drug m the blood Slow sustained, deb very of the dreg would deliver it in 
0 c % \ to 4 e- ! ,s , <- k o 

> 1 > 1 s i \ s > i s ; 

25 haH Ire^eq, nn r v In u us >\ Jr ! > v ^ s,^ !i\t iu 

Of mrpnto tm dosnvg m m s o ?rj ■>> 

patient compliance, 

hi a me, > sn ? e opes 

y s o sou s m o,. * 0 - omaeh or the Mr f m - ^ a a- m an ' mamoeuav 

30 delivery" or a "relative!} shoo sustained delivery" fashion. The time of the 
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second pad us < betwe >olses This 

del ty serve ; So separate the two pulses of She drug in time and location and to 
target the second pulse to a specific location along the gastrointestinal tract. The 
ad puts* ;i h g is I ivomd in an immediate tashios Fhe features that 

3 4llo% i \ N l >) im , ^ -s 

' - urna^ 1 -kv^ k , >xe, the core 

containing coating such that the particle* serve a? filled channels for the 
< ! iquid \nt * the core and an o 

10 delivery drug eithes in an immediate or sustained fashion. 

In a preferred embodiment, the form of the core includes tablets md 
pellets, especially compressed tablets and matrix tablets, m a highly preferrcil 
nen nvent i extern or devj s a tablet that 

contains a core material which is a disintegrating tablet. The tablet is made with 
*5 standaj tablets niques a 1 u pars coat 

technolo v. Instead of dution, a sospensi f th a ni - a 

solution or fi i < 

t^ts ^ \ s -NO' i \ -u'v* < > ,mxus Warn, os 

cold air is flowed over the tablets to allow for the * m to form and the tablets to 
20 dry. St bl solve ts for such p iyrae , uu ens dictypic; 

volverts know i t > those sss i s bu 

- u s , ! the prefes ed 

solvent. 

lis a further preferred e s - 

25 preferably 4-6 mm e core forn I 1 > > tfeciabb 

* pi< tenet aim comprises a d ug such as 

sodium diclofenac r p\u 1 >s » h.occov ■ - < i mt such as 
s v swell vrner such as cal \ - s 

t< m Ms I , v ,kr s sn c JS v . ! r ! > < the 

30 calcium pectinate is present from 20-50%, moss preferably 30-35%, the 



, <>f ^ > s oub rest , rhi" 01 v \> < v\ 

i ilyMO u £ >c 1 lo-oo s < pr e 4^ ^ 

' t >' I * »s r m > i * 

j i I t opt on b i v S most 

5 preferably 0.5-2%, and n nes st< nasi preferably 0 1 

Dysfunction of colon motility may he characterized by (0 inability of the 

ionic moto! ? d content hue the < v. v, (co t i 

' * ' ! i ! I'MOjVH f 

i i on (colonic pseudo-ob scti t \ I 

10 mottoft iysfunctioninthccoio nlits \ « > v «. f 

-hv ee ^ r i > v ! ^ u1s improving 

ti i <\ UK S? „ " v <■ s n v )\ 

1 1 etic a i ihance the transit of i material 

through the G3 tract, ears be administered usmg the ovo pulse delivery system of 

15 * » ! N \ ! i 

1 * t < v. s > ! ! s BO 

< * 1 o o. •>? dopami ie 4 or may act 

n ihs sn mscl Is i systen ol t 

invention can be used to stimulate treat GI motility by delivering dopamine 
20 s ^ ^ t s 1 ?> > k, 

^ 1 v v ! i > > v r. spride, or by 

v. " ' v 1 i i v. j > x I ! U, ; 

as beth; necol to the. pa? it \ same 

FA-ecr^ t L net a„s • „ v it a 

25 .sma ! < * v Jt ned 

doses of & drug or two different drugs thai do not depend on the patient's 
x i i x vitha in« tednie lisct icsoi >\ i ; uh i < >so 

such as. neomycin, (i-kctam antibiotics such as ampiciHia aad amoxicillin, 
cephalosporins such as cephalexin aodcloxaciUm and nuicamdc antibiotics such 
30 as eryth \i s 3 s 
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le id l mntmg rums nds - \ ! oriel 

I t i ! , J io^T,irr;!^ i' her 

drags indue ugs thu ly ; maths membranes of die GI 

tract. Localizing the release of the drug in space and time allows a relatively 
5 large < - at the membrane surlace for concemntfio i 

driven diffusion of the drug. Examples of sueh drugs include protein or peptide 
drugs, such &s insulin, 'human growth hormone, imerlenkin II. into; hoot;, 
! n i. v rs 1 « m s i i ~1 u bis 

< sut s i sodium i * and 

10 em o < , 

The pulsed delivery is also useful for drugs that have a high rate of fn\; 
oa n memk <s B\ debvetrng a 

burst of the dree the concent rat so n attained is able to saturate {he metabolic 
pathways and to leave an efficacious concentration of the drug in die blood. 
15 ! s , . > « piet.fi 

vasodilatation), a dopamine agonist such as bromocryptme mesylate, reversible 
mhibhots or < s v \ sech as physost;gm.me, pyridostigmine bromide, 

v s o i ' < ty or for treatment, of 

e ? i ^ o ni 1 

20 migraine). 

Further \ 'ms . , , 

to i uk Dvhsc t > ^ o> allowing 

t me in bees of tolerance 

Examples of such drugs include nitroglycerine. tscso;b;de a' \ isosorbide 
25 a d ope d t\,u\\ I 

ukYO the c j % t ) i j < on 

ct d ^ > a i i s > e tsgs m < 

rnesaksxine or corticosteroid drugs (especially tor the topical treatment of Crohn's 
s t -a i tine a I t k so drt ncl 
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mOy for the treatnn , m\ - , 
i testint GI) tract moti typ or the same time) 

h ! s < ut eo v r i ;m flow from its ! ^ o 
liveryefl iousl ! < red a t examp uirugs specific site 
in the gastrointestinal tract. This allows the local treatment of diseases ihelhi&bg, 
but not limited to, ulcerative colitis, Crohn's disease, colon carcinoma, 
esophagius, Candida esophagms, duodenal ulcers, gastric ulcers. Zollinger- 
Ellison Syndroms (gastrinoma), gastritis, chronic constipation, diarrhea, 
pan t cctkois, parasites ando ar.geswithh he 

gastrointestinal tract due to effects of systemic dilutes (c.,e, vascular 
inflammatory, infectious and neoplastic conditions;). 

! It \< ih^c the dchvery 

s to^ \m s <■ v eg tn the 

colon \h bs t • (e.g. 

morphine, dopamine) or by disease states {e.g. Parkinson 1 *, spinal chord injury, 
multiple sclerosis, diabetes meiHtos) are often caused by dysfunction of colonic 
m mhtyfSa mt,S K , Digest Dis &$ti. 36:821 882 ( 1991) Sarna.S K , Digest 
Dis. &. Set. 36:9m- 10 1 8(1991)) and drugs or other agents for the treatment of the 
same can be administered using the delivery system of the invention. Direct 
delivery of drugs to these regions enhances the amount of drug absorbed in this 
region and the amount of drug to which the cells in the region are directly 
< x - of d decreases t 1 i 

-> > i > > ' > ? tm ' , > lift. , U 

effects, 

N \ O h S t o x t 

js t bt irbed ii colon, s ? m. sters md 

xanthines. Fropraooioi, oxyprenoloi, metropoioh timolol, and benazepril are 
Lfsovfoo'vp etruUi} ab n 1 1 c r s 

hydrochlothsa^ide, and amoxicillin are known to be preferentially absorbed in the 
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duodenum. For a . review, see Rubinstein, A., Biopharm. Drug Dispos. 11: 165- 

475 mm. 

Examples of additional agents th&i can be provided for colonic deli very 
using the two poise delivery system of the mveation include .nonsteroidal antb 
1 ! 1 s ^ 1 s proton 

mdoruerha: acd asooin, steroid drocs such as dexamethasojic, hudesonide, 
' ! , . no; coctracept vesor 

steroidal hormones such as estrogen, estradiol and testosterone; 

i > osporin; bronc u> ilatc 5 s 

and s u ( , anti-anginals and n \ ^ such as isosorbide 

Isosorbide mononitrate, nitroglycerine, nifedipine, oxyprenoloh ddtiazero, 
.ovpol ,<< -o \ , > mo m mso f i s Msmndic agents 

anti -neoplastic agents such as methotrexate, tamoxifen, cyclophosphamide, 
memaptoporioe, and etoposide; protein or -peptide drugs such as insulin, human 
growth ho i n-If.interferof 

kuprohde, tumor necrosis factor, hone growth factor, raeianocyte-sdmnhttlng 
i *one, esptopri somatosiat somatos idea log, cyclosporis 

5 , i t f Ui r^!!\0 is '\ f Off v vitv !*)!) >t 

* - ' m i o \i . ^ * v to' absorption 

>s •> < > n \ such as heparin or short chain heparin, ami- 

-\pur\? ^ yp , 

ro cpus; ay uKt ; ecu- n 5 HI umagom: i on i f n. , ,> cd cf ... rid; menthol: 
antibiotics such as neomycin, 8- lactams such as arapkBim and amoMcdho, 
cephalospors i <-aJ } ( s f , 

- N < o ^ ?V«I O^ 5 < \ I V\ < }J0 3 

^ ■> ! s s y V * < 0 1 1 *S I i < 1 f 

C! 'h ode , ™V V AA 
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i v I > i in s "s eeiopt k ( 

t tors ot yl sterase, sach as aeostigmiae aad its sail 

'^V^ 'i O S * -5 0p\ , - ) ^ k > Pill i\ vu 1 i 

LH-RR and insulim may survive longer and be absorbed better from the colon 
5 fOt ( m \ s ! 5 coiosk 

absorption, such as diclofenac, quinidme, theophylline, isosorbide dimtrate, 

< ' \ > > !i s ? "> f | 

receptor agonist gepirom 5HT :i antagonist ondasterom metkephamid, menthol 

5 '' ' v t i < 5 
10 s i 1 i V Si b < Of \ , ') 

alimenta?) m il aad that i in » provided us: deilvet s> » h 

invemion include: for the tmstmem of Gaatro Esophagai Reflux Disease - H2 
receptor antagonists (e.g., Tagamet, Zantac) and proton pump inhibitors {e.g., 
Omeprazole); for the treatment of Candida esophagitis ~ nystatin or clotrimazole: 

15 for the t j ins (tys 

! imp inhibitors (e.g., Prilosec, Omeprazole, 

Sucralfate); tot the treatment of Pathob i Condition, 
ZollmgeoBbisoo Syndrome - H2 receptor agonists; tor die treatment of Gastritis - 
H2 reseptor * is s PGhh analogs for protecting the ^ m mucosa 

20 v \n - > <■ M s ^ > i * < j 

such as somatostatin, and antispasmodic drugs for treating local spasmolytic 
action \ , as eimetropmm bromide. 

* ' x - e «, , n 

drug in a predetermined section of the gastromtestma! tmet may enhance 

25 at 5 , - scans of an end corseentras 

gradient. 

I \ - een system < eioc ce is a!s el 1 hagaosii 

purposes such as site-s x-ray contrast < s barium 

audaV > etM/oak Vo . , ' > , a ; eotorast s , r s U <^ \ 

30 commit agon's teg., am-ce\.nrctv ~oet\>-mlxres) emma. t c; -mam one f 
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ageo; * ym tgrset ci c^onanee imaging, tomography, o; p< .< no m emi ?s.ion (gents 
The delivery system and delivery device are further useful for the delivery of 
monoclonal antibody markers for tumors. 

1 1 <-f U * it , > MX 

\^ i . vk i ; : pk\ 5 f k r t.mko, enxYuihy ombm prepaoM 

by compression; matrix-drug pellets, either free or packed in gelatine capsules, 
orany other « Ho* uis uurix-dra can 

free or packed in gelatine capsules or any other means allowing oral 
1 frustration; and i ets coated capsules <: roeapsuh 

oatet peilmot u rop? ets,eo TMile.rOMfc 
pellets or micropellets in a coated capsule, coated pellets, micropellets or 
microcapsules passed Into a tablet and coated pellets, micropellets or 
microcapsules pressed into a tablet and further coated. All of the techniques for 
prep; boo f such formula oas well k v, nti m 

The amount of drug can vary as desired for efficacious delivery of the 
desired drug and in consideration of the pate's age, sex, physical condition, 
disease, and other medical criteria. In addition, the amount of drug delivered by 
the system of the invention will depend upon the relative efficacy of die drug. 
The amount of specific drug necessary for efficacious results in the delivery 
system and methods of the invention may be determined according to techniques 
known in the art. For example, recommended dosages such as known in the art 
r ' - > ' <■ ! ' <■ r •>' ' > • " i , ,ii | ! K, ». ;,„ 

v< M % Co., New Jersey, and 77 Pi 
Therapeutics, A.G Goodman et el, eds., Pergamon Press, New York), provide 
a basis upon which to esnmate the amount of a drug which has been previously 
" 4 V 1 < 

Examples of drugs whose efficacious amounts fos use m die delivery 
system of the invention may be determined en this mannet include ea< h o! the 
e > \ ?_ \ - e ,'m\. e Jmm 
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Tablets and capsules may be prepared and tested by techniques well 
kxiov - in the art, fot example, as descs ukxu 
Sciences, Mack Publishing Company, and especially in chapter 89, the 
pharmaceutical preparation and manufacture of "Tablets, Capsules < Pills. " in 
ail embodiments, if desired, more than one drug may be supplied So the patient 
in the same matrix, 

hs I St 1 ^ i o 

may provide a wide range of drag amounts, fo< example, tht 
vary from about 0.01-95% by weight 

to another embodiment, a comj s si ed to on tain 

1 s eddmgts)o phi mas urn es>mpo as) asm the 

tablet embodiment, and art amount of the con rpom K ttwou 
allow disintegration of the tablet and release of the drag(s) following exposure 
he tal to one or more t p n t s ^ 1 tumble 

embodiments will be known to those of skill in the art. 

ex fonhes describe the materials and methods used 

in carding eat the invention. The exampks ate not intended to limit the 
invention hi any maimer. 

Examples 1-7 

k;a tab and Methods 

Calcium pectinate powder containing 4% calcium {food grade) was 
snppl -d D> t s < f ! i imn d h 

slot ! ctinate onderwent fract i s 

c .1 \ I -,p <mtm\ £ mn, t t i f <n v,\e « in s \ m M 1 ,8 
diautek ordei ! "t * , t i'<l-v"-s s lesise. Ei eel 90h 
{mn.roervm ^ >;> - Ov\huimg tA't 1, < 1 iekei.um-^ 

EC-NI00 .MP 0100 {EC), magnesium stearate 0J8.P grade), cross 
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. jrro Jot;m<\ 

rad« ius UcyJat* (OSP xde) were om hk 

Rohm Pharma (Germany), Aquakm (Netherlands), Merck (Germany), Ba.sf : 
Amoli Orgames (India) and Merck (Germany), respectively. Pyrklosvigm.me 
bromide was purchased from Orgasymh Industries (France) Ethyl alcohol was 
USP grade. 

Granulation or a dr> mixing method was used to prepare the blends for 
vomr^ss^ < foirauiatios 

e>vcg ii> 

polyethylcr; m f hen mag siumst esvast d the blend uodemen 
additional mixing for about 2 to 3 minuses. Granulation will be described for 
each individual experiment. 

Biconvex cores of 8 mm diameter were compressed automatical using 
a Korsh EK 0 single punch tablet press operated by the Erweka drive unit (AH 
400). The* ot ->> t - „ m me core 

formulation. The hardness of the cores was tested using a SehSsninger~2E 
M ardness Tester, 

Biconvex cores of 9 ours diameter were also compressed automatically 
\ 15 punch Riban RLS-15 s it. 1 p 

ROPfol The hardness of the latter cores were measured using a Vankef 

V R200RC hardness tester. 

v s g fo N u si > m > i < ' am po tmafe 

t i > iesired weigh coati u % i > k > 5 t i 

vigorously throughout the coating process to prevent the calcium pectinate 
< pmtuc ! N - er ^ -k> a > I e * < 1 < m 

ch neiet t an Reidolph (RZR 20a el « 1 , 

(Masterflex, Digital Console Drive. Cote-Palmer In.strnme.nl Company) and a 
fron \ mector tube fix ne ei snpp! 
system and on the other to the coating suspension, through the peristaltic pump 
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and a stainless steel tip of 1,2 mm fixed at the head of the "Y" connector tube, 
1 >^ ^ t u\ spraying rate tglrw velocity of 

\ > s 1 n t>s* - ^v;i^ns. Kv , .fiW 

i) n\ f t *. s n thxo obi the c< ^ 

3 process.. 

Dissolution studies were performed in intestinal fluid TS (phosphate 
buffi pH 5 witho - \ «s) using a Vanksi 7000 dissolution stes One 
tablet was placed hi POO ml intestinal fluid TS and stirred by paddle at 50 RPM. 
The solutions were kept at 37»C by a Vankcl VK650A heater/circulator. 
10 \ i r « , . r> a intends 

of 30 minutes up to 4 hours, followed by intervals of 1 hour up to 12 hours and 
finally intervals of 2 hours up to 20 hours. The actual determinations of the 
i&e of the t Union s) f u n oo 'k\>k !j\ j 

^ J d 0 , J s 

IS released from th in in a ted tab) ts\ qt mil I using a alibrabon 

curve obtained from the standard solmioa, m intestinal solution TS, in the 
concentra? 50ppm. 

Example 1 

Control of Burst Time by Weight (Thickness) 0/ Coating 

20 bletssv< t dug dry mix; jpouents. The rmulation 

of the core is ! ? y. 1 s S n i 

had a hardness of 11-12 Kp. The ancoated core underwent disintegration in 
u ni I s - \ o > in ,a f , < scs <ck 

spra} coated with lifferenJ «not - > hykelhnosea I: irn pi tinat 
25 I" 1 v am The results are shown v Figure 1 . An 8 rog eo.a ;n- per ia <\ ' gave 

> > f oi r gave a dels) I t s > a delay t ours; 2 

u « i n <. ! < In > n <. ! I > oisi rag? j t d\ 

delay time. 
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Reducing the amount ofCrospovidoneto 5% (formulation 229-99A) gave 
essential!} kierst e si results in Figure 2 a 7 mg per l ibsei :;o tbng resulted in a 
delay of 2 boors; 12 mg resulted m a delay of 4 hours; and 17 mg resulted in a 

i ^ ' x << ! ! , < I * < , \ } K , 

Crospovidoue dsd not provide a burst at alb 





229 - 76A 


229 - 99 A 


Ca pectinate % 


59 






20 


25 


CFVP $ 


10 


5 


Na*dicMesac % 


10 




M 


i 


J 


-> -i sum 


8 


g 


H.l:.! >s kp 


12 


12 


Weight tng 


259.4 


256.5 



Example 2 
Effect iff Tablet Hardness 

Cores of tablets were made using the dry mixing method and compressed 
i different c< mpressson forces SO as to create tab eti witli 1 t hard 
l^e formpkibn was identical to that of 229-76 A {Table 1). Tablet cores 229- 
93B gave a hardness of 11-13 kp while tablet cores 229-93A gave a hardness of 

\u o Rxa 

J * >. K n - 1 s o mi k Showed 

-ng coating per tal vc a five hou - was 

5 d I I 1 i < i 

After a delay of 7-8 hours for a coating level of about 10 tug per tablet, the drug 
was released in a slow fashion (Figure 4). 
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Tablet cores were 
99B, see Table 2), or without the ; 
(formulation 229~99C> see Table 2). The tablets were produced under conditions 



Table 2t Tablet Core 





229 - 99B 


229-99C 


Ca pectinate % 


79 


0 




0 


79 


CPVP% 


10 


10 


Ha-dicbfer*, % 


id 


10 


m~sm*m% 


! 


1 


Diameter rum 


8 


■ 




12 


12.5 




Ma 


224.1 



The tablet* were spray coated as in Example 1 . fe both cases, the tablets 
foiled to show clean burst drug refers. After a delay in drug retee ivhieh Is 
coating weight dependent, the drug was released m a burst of part of the drug 
content wkh the remainder being released slowly. 



Effect &f Drug Solubility m ike System 

^ ' v ? e - 1 , - in ' A Vi!t 

t iK ^ h,o~ i t 

25 described t > Table 3. The tablets were spray coated hs! varying « , k . w ,es of 
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thyicelk caku , s h imp] Figure 5 shows tj 

! I is i d TS s ^ 

! - «< >k> causes a qaicl 1 vater into the tablet bringing >o 

a lowering in lag times for a given coating thickness (compare Figures 1 and 5). 
5 A 15 rug coating gave only one hour delay time, a 19 rrsg coating per tablet gave 

a two hour delay to the drag burst while a 24 jug coating gave a 2.3-3 hour delay. 

1 W Oi v- i s < Usi ,) \ s s 

1 ! l rvc* . 

C»'i E vis ClitK ) i 1 dt 

10 (Table 3). These tablets were also spray coated as in Example i . A coating of 

19 rug gave a delay to burst of one hoar when compared to a delay of 9 hours for 
a 17 mg coating seen i n ho ample 



Table 3: Tablet Core Formulations 





229- 113 


229 - 8SB 


nm % 


59 




ei<§> % 


20 


25 






0 


CaCi ? % 


0 




Ma^didGfcftac % 


0 


m 


v-viate 0 


SO 


o 


..rew 


i 




• ■ - - 


8 


s 


Hardness kp 


12 




Weight mg 


262,7 


293,8 



Emmpie5 

25 Cares made wii i 1 



Tablet cores were p o , using a wet <- -0 method. The 
> 1 1 ~ vet granulation over ni s i e wcdur n 



content for low concentration, potent drugs, and of enhanced batch to batch 
reproducibility fifths process. The granulation also improves die fiowahun? of 
) i i t i u In < ed tablets 1 v> % i <; 

t s f ! t ■. v I i x t \ v. i v ! f > x s ^ 1 

90 nn etl anol, 265 g calcium pectinate was un\ e vm s w 

The et&ylcelhilose .solution was added $l> ml} fh« i..t o :■ wa> -veil mixed in 
a evoa, , s: s 
itcgrcc^ h>r overmen; 

v it > ■>! i * ' ^ ■> < > U ^ >. I tKi 

Diclofenac (45 g) was mixed with 2.7 g of v. < and the i 'I < \ 

wlutiort was added 1 e ru lure wa n x« with a mortar and pestle and dried 
ova rugln a; < 1 • s>ev tr :L k-uv vo\\ 

the components and tablets pressed.. 



Table 4: Taskt Cere Femndaise-n 





263.1.29 


Co. w\.n\ s \ t-v i ,■< • 


28.3 


EmcoeeP (9QM) $ 


SO 


CFVF % 


10 


\ > J < 


10.7 


Mg-Stearate % 


I 


t* cornier nor. 


7 






Weight nig 


201,7 



!'he granulated calciom pectinate - ! t ennrs 

I r x>wdei o t low ;rin < t x r " s c tp e in 

viekff Kto I >m '\ ( , . i ^ L'^UsiMnu'Tw s d^n aetv 

.oaoh< hv 1 , < ' >< 1 I 1 111 ito i\s.iw.J 
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ta intestinal TS. The results are shown in Figure 6. Tablets coated * ith 8 mg ps r 
*abk gave a one hour delay to burst. Tablets coated wi th 1 1 mg gave a 2.5-3 hour 
delay. Tablets coated with 1? mg gave a delay of 4-4.5 hours. 25 mg gave a 7.5 
to 8 hour delay. 



Example 6 
Control of Burst Tim* by Changing EC; CttPRstw 



An aha i\n» iimi 
fceb ease of the dm $ i £ calcium pectin 

is me coating. Tablet cores of formulation 263-120 (Table 4) were coated with 
10 ethyl cellulose: calcium pectinate, with the content of calcium pectinate varying 

ton *0 

40% calcium pectinate, Figure S for 45%, Figure 29 for 50%, and Figure 9 for 

W v.s s O v t E ! , << N rs 

v ^ * ' , ! ' a s ^ ~ i v> 

15 that \ ; s 5 v 

percentage* I i pecfina '< tab saco la 
for time of delay as a function of the % calcium pectinate. 
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Table S; Delay of Drug Retee as a Fsmenoo of 



costing weighs 




delay 
(hoars) 


12 


40 




52 


45 


6 


Jj 


50 


3 


12 


55 


L5 








15 


40 


■■ 


M 


45 


9 


17 


50 




15 


55 










25 


50 


8 




55 


5 



IS 

films of calcium pectinate content of 50% and 70%, The results of the delay in 
drt g Kk use foi $0 1 « inPigmx 

for 70% in Figure 10. With 70% calcium pectinate in the coating one needs a 
tut , o-> u;s 

20 Example 7 

Pyridostigmine Bromide Deiayed Tml Release Tablm (Batch 350*80) 

Budragit® S100, 1.6 grams, was dissolved in 10 ml ethanol 
PvndosiigTUit , ! „ „ % < \ 

^ v. v , » v — < v v. i t ! ,no ! 

25 wuh 14 gra of ov* soom I n: ss: a iss n , r i s < s $ 

s 0 m nrU i nudoM £ > k UVi 



wo wm$$ 



-48- 



n ■ t o>a \ t k s 



the mixture was well mixed, it was dried at 40' : 'C (or 16 hours and then ® 80°C 

* 0 Wi < v U 1 , ^ <X v> - i < v „ t s j 

r f wn ^ ^ •> <mo * i 

silicone dioxide, Aerosil® R972, for 5 mmuJes to improve their flow properties;. 
5 The * a ,iv o w i s t, 14 ^ an. 

M US'!.' Kilo <. i i t 1 1 /i- S ^M 

were added. 1 he blend was mixed for 20-30 minutes. Magnesium stearate 1 .24 

! n \ w » to'^ sn.Jh'v > I > x s J 

<- > s ss iy in a Wick Gesaubh - 1 * i 

10 , >.50 mg and hi lardness of 10 Kp 

X <.<>! <• V v ! i aS 

described in the pmvi* pies md vent ■ \ ! u r hssoMon m 

intestinal 'IS solution - The results of the dissolution rest are shown in Figure I I , 
rahiets coated with 2 i he i nmediate 

15 release of the drug content. Tablets coated with 3 1 mg ga ve a delay of 6.5 hoars 

to the burst drug release, while those coated with 44.2 mg gave 13 hours to the 
■- . iel u' s o she drug. 

Example 8 

Pyridostigmine Delayed Total Release Tablets (water granulation) 
21) ~< n >n r ^ s ess wo !%> mi v <nes *o 

\" 1 } < s ' > 4 ^ v ■> I h 1 

erospowdooe t'Koiiadoe® CI.) (12 grams) were mixed and then granulated m a 
wgiwe.a , > woa.um,- 

i id w<? ioos vdueh ;s ?h i <. 

23 The wet gr <\ , s 1 >a ! iry« 6C < I'hedxys; 

was milled through a 0 5 mm screen 

The i t ! s ig! with 
ucmcrystai iulose (A h .Is mspovsdone (0.22 kg 
and talc (0 04 kg) rot fifteen minute , Magnesi or, aeara e 0.01 kgs v> JN ,adcd 
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and Che mixture mixed for a few tmmacs more. Convex round tablets of 8 mm 
diameter were presse r * \ ■> < N > > ^ 

* > J J < - S CSS 0' Iv" C > 3 4 S ? 

bromide each. 

5 sa\pen<oon was po < i 

cellulose b- 273 gm ethano.l Calcium pectinate of particle size <150p {13.65 
grams} was suspended m the solution. The tablets were coated with this 
t ' !t ut tes each tables 
These tablets were further coated with a sis dard enter isp 
10 roetbacry.be copolymer type C with ethyl citrate as pi as t 

ghdant. 

T I i ■) n was s-sted o t < i e <m c| <rer t 
a USP method 2 dissolution ham containing 900 ml of intestinal TS buffer 
without enzymes at 37°C Samples were taken at prearranged times and studied 

0 ^ I ' If v 5 * 1 3 ll„ 

m vitro release of fee pyridostigmine tablets produced by the water granulation 
process is shown in Figure 12. 

Example 9 

20 Double Bunt Pake TaMets of Pyridostigmine Bromide 

inner TubieLs 

Pyfidostigmif iromi.d ? > s 1 (],6 grams) 

o<»{ vioo • >2 1g \ < 1 ! v ^ ei;r ^\hn 

hi gm;u\ \U: o drsed and sieved as m Example 7 The g:wum : J* 9 roroj 
25 were mixed with silicon dioxide (Acrossl® 200) 1 1.0 grains, crospovidone {10 

ir* m\ mi so \w,s, - al ew 1 nn c <s "J V i 1 ; a n ; < nd toa^ns j ro 
eat t) t v p oc l exam B s<> ex com 1 



wo mmiss 
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5 tarn diameter were pressed automatically in a Wick Ges.mbh single punch 
press rhe < sres ^ s I s < 5 

contained 3.0 mg pyridostigjalae Jsromida each. These tables were coated at 
different coaling levels to give different delay times. 

5 Cmting 

The - ^ k->vo were .spray crjtcd vs t- trhvVi h <- It o 

} i! .clw'v 1 " Uhnsot ton v wt b > 

coated with 8 mg of the coating per tablet while tablets 5 i > 376-46/4 
were coated with 1 4 .rag per tablet. 

W Outer Tablet Formulation 

IV v stig x bromide (1.6 grams), eudragit® S (1.3 grams), 
crospovido? i am pectinate (40 g tms 

1.0 grams ethanol, dried at 3S*C overnight and S0°C for nine hours. The dried 
granulate was sieved and the traction <420p was used. The granules (39 grams) 
15 w ire mixed v> side oxide {Aerosd© 2 » fsw ; uk ; 

«- km >k x o I } f x t If M i ' 

v *\> \ v\ote v led end the mixture was tmxun tor V on .v.nvk , X' \ >* < 

(1 gram) was added and the blend was mixed for another 2 -3 minutes. 
This mixture was pressed on the- corns described above. The total. 
20 dianwies in both e -.o v. t 9 0mm. Aa outer layer oi 22 N mgw; s sddx i s»> 5?f 

< ! M nt i -ed m the 

enter coating to give 1 no" 376-63 while 220 mg were added to 
formal stioa 176-46; I result eg in i Omgpyri I s iigmine h the on c; t ittogp e 
■- rmulatb n 176 67 
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In wSfrw Release of Brag 

I > x U i n > $ as > * s I wVro releast 

a 5 n n ^ m ) < 

of intestinal TS buffer without enzymes at 3?*€. for formulation 376-63 
5 samples, 3 ml were takes at 0,25, 0.5, 1 .0, ! .25, 1.5, 1 .75, 2.0, 2.5 and 3 hours 

while for formulation 376-67, the samples were taken at 0.25. 0.5. 1,2, 3, 3.5, 4, 
4.5, 5, 5.5, 6, 6.5, 7, 7.5, 8, 8.5 md 9 hours. The samples were analyzed by UV 
spectrophotometry at 270 ma for pyridostigmine bromide content against a 
I s > , - ! < < M , ^ 

10 from formulation 376-63 is shown In Figure 13 with the difference of 

concentration versus time (to accentuate the poise nature of the release; plotted 

. c 1 4 The ui - 
Figuscs 15-16. One can see that for both ! -c A emw one can obtain The ,6 ;c<: 
two pulse burst release pattern. In both cases, the first pulse was obtained after 
15 formo 63 I pulse was 

one hour while for formulation 376-67, the delay to the second pulse was five 
hours. 



Example IB 

20 Double Burst Puke Tablets ef Smfkim Dwhfmac 

Granulate I 

> t ctinate grams ! t and 

ethykelluiose 7 ( 1.2 grams) were gms nl; ted in 20 ; u ethanol I he granulate 
was dried at 3S«C overnight and at 80°C for 9 hours and sieved through a 420 u 



wownms ?€Jrusmnsim 




frmer'mht 



f i - ,1 > 1 sums) wete rr v 

polyethylene bag. Crospovidone (10.0 grams), and microctystaUiae cellulose 
{Emcocel® 90M) (50.0 grams) were added and mixed well for 20-30 minutes. 
Magnesium stearate (1.0 gram) was added md the Mend mixed for 2-3 minuses 
more. Biconvex round tablets of 6 mm diameter were pressed automatically in 




The inner tablets were spray coated with ethylcelMose (Ethocd 
:tiaate (<!50 $x) (LI w/w). Tablets of fotmulate v;0-l40/2 
were coated with 6 rag of the coating per tablet while tablets of formulate 370- 
140/5 were coated with 12 n 



ha i v - _ s . r , v > , , )0 

ft ^ o i crocrysu wee! «e Ethc el<? SOM.s 5 ams)vs m 
for 20-30 Smites. Magnesium stearafe ( I gram} was added and the blend mixed 
for a further few minutes. This mixture was pressed on fee coated cores 
described above. The h>ui diameter m bom cases was 9.0 mm. An outer byer 
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of27Smg was added to 370-140 ormulatiors witi 5 mg . jodi u diclofenac 

! hVo^OK I ! v S >; 

t t n s i i 1 cm! v outer coat 

thus producing formulation 376-66. 

In vitro Release of Drug 

Formulations 376-64 and 376-66 were tested for their in vitro release 
' ^ 4> o^atum*- H>J mi 

of intestinal TS buffer without enzymes at 37*C. Per formulation 376-64 
samples, 3 ml were taken at 0.25, 0.5, 3 A 1.25, 1,5, 1.75, 2,0, 2,5 and 3 hours 
i - 2,3,3,5,4, 

4.5, 5, 5.5, 6, 6.5, 7, 7.5, S, 8.5 and 9 hours. The samples were analysed byUV 
spectrophotornetry at 276 run for sodium diclofenac content against a standard 
curve-. 

Hie res f tio 

3 16 64 is - 1 I 

accentuate the puke nature of the release) plotted in Figure 18. The 
corresponding results for formulation 376-66 tee given so Figures 1 9 and 20. One 
ea« see that for both formulations, one can obtain the desired two pulse burst 
release pattern. In both cases the first poise was obtained after <. several 
. I < - >uu- o te near 
^ t i s ! | \ \ es ho i i 



PCT/US«G/15I8$ 



Double Pulse Tablets (Short Sustained Release followed by Burst Release) of 
Pyridostigmine BramMe 

inner Tablets 

S Fxiuix^hgmno ,\on a e Ki \ v t ^ v ?\ - ws e 

granulated m ethanoi, dsi&d ami sieved as in Example ?. The granules were 

f i U i V. • v I v ? < I „ K h . 

v. i < V. < S f i > X i i. i N ! \ K > { 

Biconvex cor* t i-8/2) as well as of 5 mm 

10 ttameter (formulation 376-41/1) were pressed automatically m a Wick Ges.mbh 

single punch press. The 6 mm core* thus formed weighed 101 .5 mg, had a 
hardness of 9,5 Kp aad contained 3.0 mg pyridostigmine bromide each. The 5 
mm cores each weighed 69.4 rag. had a hardness of 6.3 Kp and contained 2. 1 mg 
>yrid ! > uomide. 

IS Cmtmg 

i i I rm don 376-8/2 wets spia c ated vj{ 1 lu! 
(Bthocel 20): calcium pectinate (<150 p) as in Example 7, while tablets of 
formation 3 *6 a, \pray coated svdhedwcelleio F eel 2 < do; s 
pees ; ;;,ee (< 1 06 p n i ■ at a ratio of i : L Tablets of formulation 376- 8/2 were coated 
20 vuthl4^„c. d i ^ ^ . .ok v ur^.'l * \ '6',*em 

coated with 5.4 n p 

Outer Tablet Formulation 

l Ktosc sk <s o,.V <. n 'a << < " j i J 
soiu i ? \ l smspyri bromid 
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in 1 0 ml water. The granulate wax dvh ■ - drier ai 70 - 75''C and 

sieved. The fraction <420 p was used. 

Granulated lactose (49.5 grains )< was mixed with 1 grams iow mefooxy 
pectin, and 10 grains PVF K90 for 20-30 minutes in & polyethylene bag, 
v I urn stearate (0 s ther2 mirmte*. 

Tins mixture was pressed on the coated cores formulation 376-8/2. The total 

if ; ! > I v \ ' 

no r layer, to produce rraularkm 376-39A * < s ' 
pyridostigmine bromide in the outer layer. 

1 d la - ^> > ! " ns low \ 

pectin, and 10 grams FVP K30 for 20-30 minutes in a polyethylene bag. 
Magnesium sieatate (0.5 grams) was added and mixed for a further 2 minutes. 
This mixture was pressed on the coated cores formulation 376-41/3. The total 
diameter was 9.0 mm. To formulation 376-41/1, with a 5 rum core, was added 
253 rng as an > >utet layer to produce foi n mlai ion 376-42 A which contains 2.. 1 rug 
pyridostigmine bromide in the outer layer. 

In vitro Release of Drug 

foa 1376 >A «'er< < < ekmsc 

^ i a i'SP uxthod > drssu ; > s 

* 1 ere taken at 
0.5, 1,2,3, 3.5, 4, 4.5, 5, 5.5, 6, 6.5, 7, 7.5, 8, 8.5, 9 and 10 hours. The samples 

wteanahj; t t bro ude 

cun'eut j d c hhe k > s the verage elease of 

pVx devugn i ! ! 

re m v < m ^ % m i-i < ceo: m 

ate given in Figures 23 and 24. One ear; see that for both formulations, (he, for 
<. cs . t i u onm- n fon ' ue ocsu 1 



wo mmm rcr vv* mm 



short sustained reica.se pattern of the Ha puis;: over three hours and a burst 
release of the second pulse after a five to ssx hour delay. 



Discu ssion of Exemplary Material 

5 Pemei t si k. ./ffu f\l ' i v < 

! i ! iveanewdmiefisloti 

i < v i - m i r r <, \ < „ > i 

f >' ' i ^ . if! Pv.u t it TMs 

coating must prevent diffusion of drug from the tablet and control the inlafe of 
10 liausU u 1 n 

The core must be capable of breaching the coating at a predetermined rime and 
then disintegrating. 

To allow for targeted delivery of soluble drugs a harrier to diffusion h 
necessary. This barrier must allow for control over the release of the drug to a 

15 t s \ < t si v ! ! 

of non-water- soluble, but hydropMic, particles in a hydrophobic coating allows 
for control of water entry into the tablet and thereby controlled time of 

( ? O ! \ s U'u i 

< j ' x <- s j *■ s o ( v n r i 

20 u> tdrrou> v p.u'-r v pjaicdui, and the ^ s * u x cores, 1 e Onr 

> g o- ^ v <e * vj i " < , t si 

^ " - - <) ' 'is 

I Composition of the core: 1 I poticnts, whe hejt drt g or 

s ! \ X S3 i \ >>s t U 

25 cos 's s\ ifas the Sir) u c channels in the 
membrane into the core. 

2. \ e t Kw.s It dterthep i of hydrophi c 1 

" " N s tSi'u s < < I ■* r h-e 1 1 ws! 
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of the drug. This is thought to be because more channels are formed 
through which the liquid can enter the cere, 

3. Particle size of hie particle; The smaller the particle stae, the tarter the 
release of drug for a given percent of particles. The smaller particles 

5 means that there are numerically more panicles tor a given weight 

pereen age ] ht r rtb h ; ah ■ • ;o o a lan ei total si rtaee ar a no th; i 
more interac ig the | 1 , > - u 

possibi) ec anne fo p < « 

4. Film thickness: The thicker the film, the slower the release of the soluble 
0 r nvpn - i k \tur 1 ua f>r wclU«><t*< so nlf a 

insoluble panicles across the entire cross section of the hydrophobic 
barrier film. 

5,. Identity of the polymer md particulate: The more hydrophobic the 
polymer, the longer the release time when ail other parameters are kept 
the same. It will take longer for the hydrophikc channels to form when 
ch« poly m $ i more 1 s hop obk Ihe more hydrophilk and swell ih < 
the particulate, the faster the release when all other parameters are kept 
lln ,au, n , !| t <m > v ,o ! < 1 ! s - , !K 
channels causing the core to swell ant! burst the coating. The more the 
® particulate swells the larger the channels. The more hydrbphiMe the 

a-' 1 5 ! : v - 5.' .1 > < . > i, \- ; f < . ue 1 

diowmg? ie iqiti od fi ist Hhem 

It is important to have many -parameters that allow control of the 
^ v « * „ v . v «. * v,o, m < « jmjqiK 

13 and the characnanslus of the various sues m the /.Osem', «n t Uad are aho 

^ t sent invt > tcoatin 

to the needs of any system. 

! N v n »om svroi the de.Ih i ht& < f 

a mug iMttv.u if o v * i a c * t u\ eona -had 

10 timing of the second pulse one can make a two pulse system hy overlaying the 



core and coating with another layer of drag containing material This layer may 
beat ( %&$ Isye and may ht i press 

< l < > . i 1 U nVOW/Sk-'.C',^ 

which is designed according to accepted pharmaceutical practice while the second 
5 pa ? N irag is obta ne < % 

Having now fully described the invention, h would be understood by 
those with skill in the art that the invention may be performed within a wide and 
equivalent range of conditions, parameters, and the like, without affecting the 
spirit or scope of the invention or any embodiment therefore. Ah references cited 
10 em a; herein folly by reference for the relevant teat 



wo wmm 



-59- 



to i osmn 185 



What Js Chimed Is: 

L A two pulse delivery device for delivering one or more desired agents to 
th« gas? ohuesti h i of middte\dce 
comprises; 

a. < , <. 

and a core s b ireseneeof 

m aqueous liquid; 

b. an inner coat that surrounds said core, wherein 
said inner coal has m outer surface and comprises 
warni msok h 

embedded In a water-insoluble carrier such that In 
the presence of an aqueous liquid, said particulate 
matter forms channels m said inner coat that 
interconnect said core with said outer surface of 
said inner coat and wherein said inner coat bursts 
when said core is. swollen; and 

c. ute v< < t si ( ud out urik 
said ianercoat. where-n said outer coat comprises 
oneormore desired agents : which may be identical 
to or different Iron; the one or more- desired agents 
that are present m said core. 

2. The dev;ee of claim h wherem * outer coatinp releases said one or 
mace , „ cuts s \ v 

3. Ffae device o claim L wbemu 1 ere i don or 
more igent i 



wo mnms 



4, The device of ckmW.wh 
delivery of said one or more ages 



The device of claim T 
tieddeUveiyofsaBdoneor 



The device of claim L wherein said c 



• coaling provides s short 



7. The <k-o kx of claim 6, wherein said press coat is formed from 
or mixture of powders. 

8, The device of claim 6, wherein said press com is formed from a; 
6, wfcereia said pmss coat comprises low 



The device of 
pectin. 



10, The device of claim 1, 

U. th& device .of claim 10, 

12. The device of claim 1, 
different sgents 



mt.mtt cotfog h a spray coat 



13. The device of 
from the gr E 
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content of quaternary ammonium groups wherein the malar mm of the 
s a <> h h ! > e £ ki s v ,\ic- s 1:40; 

ethyfceliuiose; shellac; and zeisi, 

14. The device of cteira I , wherein said outer cost is further coated with as 
enteric coating. 

35. The device of claim I. wherein said sweilable core material is selected 
from the group cons is if pod echarkk. cross ikt x>h 
modified cellulose. 

16. rhe device of claim 15 wherein s \ ysacchar is * t d from tlx 
group consisting of insoluble metal, salts or cross-linked derivatives of alginate, 
pectin, xantham gum, guar gum, tragacaitth gum, and locust bean gum, 
caoageenan, starch, micracrystalline starch, microcrystaOine cellulose, metal salts 
the reof, and covakn 1 es there* 

17. The device of claim 15, wtoem said modified ceifelose is selected from 
the group consisting of cross-linked derivatives of hydroxypropykelkdose. 

> xyethylcel IceUulose a d carboxj y Siulos 

sahs< 1 cax-boxsi.net] yl e ltd $< 

15. The device of claim i, wherein said particulate matter comprises a 
polymer selected from the group consisting of a water-insoluble polysaccharide, 

N - lor m jH; s ^ ; vr\k mso olysactharide 

u c oss imket 

jvptdt, wte n c po\ uIkvLs i wok Ik 

peptide; polysaccharide complex, a polysaccharide or a protean or peptide 
» e in ^ c o * > c I s < 5 s< v an < ' w> 

!! - ! <• vurii\oo I s o-ohwJ 
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19. \ he device of claim h\ wb ?:c; v :- seiecfed trom the 
group consisting of an insoluble metal salt of pectin . xaniham gum, carrageenan, 
Iragacaath gum, locust bean gum, and alginic acid; an insoluble esosslkked 
derivative of xantb i txa 

5 s o<o n„w per., pectin, Wr» b v < s , ! s os 

eth i i 1 acid, 

cellulose, imcrocrysbdlme cellulose, insoluble starch and microcrystaiime starch. 

20. The device of claim F ^ <■ 1 i 4 - 

is selected from the group consisting of calcium alginate, > alginate, aluminum 

10 ^gC f f i 

21. The device of claim 19, wherein said insoluble metal salt of pectin is 
selected bom Jk ^ e> u \>s t < > jljij ,^ i v'lnv dummum 
hiti ferric pectinate, and feirous pectinate. 

22. The device of claim 18, wherein said cross-linking is by a cross-linking 
15 u*m o t ^ n t v ^ ^ v. i i ! 

C| k orhydr iiacid ehioride, diacid anhp < es and 

borax, 

23. - 'un > ncedprosein 

20 \ ^ \ <.<- S !. 1 i t 

bake 1 eeboa, I tmJd i v s\ 1 t<. tnH \de <.n s 

collagen and formaldehyde-cross-linked collagen, 

24. dc\»t. << < i * hi i ! nh 
hydropmbe polymer is a carhomer. 
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25. The. device of claim 18, wherein said water-Insoluble cross-linked 
hydrophihe polymer is Crospovsdons, 

26. The device of claim 14, wherein said water-insohible carder is 

l i \ <. i i v nt < 

m&mdt \ 
m «i i \ hacrylk 

methacryrk cidaad sy ryk a'der* ... f free earl syl gs up to 
die ester a I d 

27. 1 } s n >'i 1V 
therapeutic agent. 

28. ! 5 ' v v * > f from 

omra< steroaia ionaone, an immunosuppressant a 

bronchoridaka, as aatravngmab an anti-hypertensive, aa ami-spasmodic agent, aa 
ami-eolms agent a,, s 
peptide, a hormone, a vaccine, an anticoagulant, an anthmigrane agent, 
Mt\ a S-irydroxyirypSairanetype, A receptor agonist, a s ' I ,em;y; >:c-o. 

Meikep\b i < ' i v I > * 

drug, a cholinergic agonist, a dopamine antagonist, and a reversible inhibitor of 
a* elyieaolinesterass 

29. r> I i <. ! ' vt st i 

I c t r k o v v I ■> < i lb 

inhibitor of acetylchoKnestera.se. 

30. I i Km 29, wherein said therapeutic s 
- ) 5 bitor of cety hoi es asc 
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31. The device of claim 30, wlsffirda. said reversible inhibitor of 
! >v « ^ of r yrulastsgrame 

bromide, neostigmine, neostigmine bromide, neostigmine me ?hy1 sulfate, 
i , > n> paysashgmhm salicylate, rivasrigmine and physos hennas sulfate. 

52. ^ ^ i -■ i < > i - t< > a 

ij 0; . unato > . • 

33, The device of claim 32, wherein said ftotwtfemida! antiinflammatory agent 
is selected hose the group assisting of diclofenac i np m md suimdat 

34, Rvm v > ! vb ^ , s useful :o* 
tin r< > k > < ; -\ > s bs< s e brf M& \ ma - h a gaxtriti , 
pancreatitis, hypertension, angina, -arthritis, rheumatoid arthritis, asthma, 
arrhythmia, local spasmolytic action, ulceration of the mucosa, diarrhea, 
conssipatkm, polyps, carcinoma, cysts, an infects 

dsv oe Of a i cm-ttu c v ha 

35, ■> vU i \ is! s < 

animal, wherein said meShod comprises oral administration, of a two poise 
deine. 3 , chois f v <, < , t , i o n ov \ 

i e i ompn»mg. 

a. A core cornpmmg$a3d ditieof more desired agents 
and a com material that swells ia the presence of 
an aqueous liquid; 

b. , W! v <n a \u m cj o~ vine 
sani saner coat has aa <> x surface and comprises 
a s I i I ! m , a matter 
embedded is a wak:r-insoiuble carrier, -where i n , ; a 
the presence of as parneubU: 
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matter forms channels in said inner coat that 
s > , t re with said out s \ , < 
r coat a; i * id inner < N rs s 
s i * v on; and 

c. an outer coat that surrounds said outer surface of 
said first coat, wherein said outer coat comprises 
one ormoredessred agents which may be identical 
o t ! tte < i i s 

that are present in said core. 

36. The method of claim 33, wherein said outer coat and said core contain 
different agents, 

37. The method of claim 35, wherein said water-insoluble carrier is selected 
from the croup consisting of: a > t v < h n< h * t\« < 
copolymer; a copolymer based on acrylic sod orathaeryhc acid esters with a low 

)fflet i > ratio of the 

ammonktm groups to the remaining neutral {meth)acryiic acid esters is about 
1:20; to t ho c 1 

copoi>me scronmmK cs is vetth a iov. 

1 * ( * o ,s .':;o;s the n\\ a -an of the 

uromomuo" ? > t I o $ ,h e 1:40; 

ethykeUnlose; shellac; and msn 

38. 5 i <• • * : r } < ?! 
enteric coating. 

39. The method of claim 35, wherein xa;d svmliabie com material is selected 
Lvit t i , v^ctsli cid as d 
modified cellulose. 



40. The method of claim 39, wherein said polysaccharide is selected from the 
group consisting of insoluble metal salts or cross-linked derivatives of alginate 
pectin, xantham gum, guar gum, tragacanth gum, arm locust, bean gum, 

; sta ch, mk > t > lukxse. metal sal 

titer , < , i \ m< thereof. 

41. \ * w < u ^ s 1 ton 

the group consisting of cross-linked derivatives of bydroxypropvdcellulo.se, 
1 eyeihs i s t ! i i -:p j n 1 it 

\?JsoK - uiose 

42. The method of claim 35, wherein said particulate matter comprises a 
polymer selected from the group consisting of a water- in soluble polysaccharide, 
a water-insoluble cross-linked: polysaccharide, a wamn-uwoktbie polysaccharide 
metal salt, a water-insoluble cross-linked protein, a water-insoluble cross-linked 
peptide, water insoluble protein: polysaccharide complex, a water insoluble 
pt ek polysaccl v< complex , polysaccharh or a protein or peptide 
rendered insoluble by interaction with a poly-cation or poly-anion and a water- 
insoluble cross-linked hydrophbtc polymer in dried powder form, 

43. v method of claim 42, wherein sac! polysaccharide u; selected horn the 
1 > s i so \ -c m<\ v m a 

st bean gum, and t t insoluble c ossi ket 

<.WO , v ! ^ { j \{ i v K v 

I ,\' xw^ -a , \s» v v s , ws , i n „< s o < <> v 

s I s 4 > t ! i i it acid, 

cellulose, microeryst i c hi iuv c, ystallme starch 
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44. h aethod < class 4 therein said insoluble metal salt of algini acid 
s v v . s> ; v - x^un^tt alnr >;vos 

alginate. f< 1 mate, and ferrou alginate. 

pectinate, ferric pectinate, and ferrous pectinate. 

46. ' * \ <.<. O i K , S J w <. i s ?1 

I hom the g^oup vt* ^-n»a of ♦»« \, <■ ekfe 1 

epscidorhydni;, dsacsd chloride, ds'acsd anhydride, s \^ , diamines H 
10 borax, 

47. The method of claim 42, wherein said water insoluble cross-imbed protein 
is selected from a group consisting c i w U hydroiyxed 

^ a dehyiL-cross- 

iflk« ! > < i > jss s ! a ' 
IS collagen ant i n s w;-lini 

48. The .method of claim 42, wherein said water-insoluble cross-linked 
d < i 

49. The method of claim 42, wherein, said water-insoluble cross-linked 
hydraphUic polymer is Crospovkkme. 

20 50. The method of claim 38, wherein said water-insoluble carrier is 

ctlwLx Itu s U < , < , , s n j a J 

d saniemes 5 s methacryh aeid/methytmetin ? la ylan 

asionie copolymer based on \) methacryHe acid and methyhnethacrykte or ii) on 
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r . \ . . acid md ethylaerykte, wherein ih& ratio of free c&rboxyl groups to 
the ester groups is. approximately 1: L 

51, 1 ! ! ii J ! ) N 

therapeutic agent, 
5 52 IK f s s 

53- fhe method < h wherein « < s leutie agent 

54. lit ! ( ) S < t 1 O ! 

the group consisUftg of a non-steroidal and-mfiammatory agent (NSAID), a 
steroid, a contraceptive, a steroidal hormone, an immunosuppressant, a 
10 ! g ?n v < ! 

imams-eolith agent, an anti-arrhythmia agent, an snb-neoplashc agent, a protein, 
a peptide, a hormone, a vaccine., an anticoagulant, an antkniignme. agent, 

f % epyh nud.mentl latibiotk >gue, a prokinetk 

15 dsu s t o v > t * x btn t 

a; 5 ;. hob \ : \. 

55. ! , elected fftim 
the grow c< 5 , t j. reversible 
inhibitor oi o * cs < 'v. 

20 56. The method of chum 55. wherein said ifcerapesiiic agent s said reversible 

v 'm it -aagvicboiioco, 

57 The method of claim 56, wherein sasd reversible \hib\im of 

v I . ' a * v i,£ ) v. \ V Si 



pcrusoe/issss 



58, 1 i hod of c) >3, v ems \ i ;nt is a u 



59. The method i . ; 3S, wrtemm s non- -steroidal taiTouukmnmmry agent 
is selected from th< u\ m urhiprofen and sdEndac. 



60. Ik ,< > t - i , lv 
for fee treatment of colitis, Crohn's disease, irritahle bowel 



, of the mucosa, diarrhea, 
constipation, polyps, carcinoma, cysts, an infectious disorder, Alzheimer's 
■ or a paras >. I 



61. The method of claim 3i 
in which said agent in said outer coat is released is 
consisting of the stomach, the duodenum, the small in 



62. tmnofthe 
d agent in said inner coat ts released is 



20 



63. The 
in which sa> 



35, v ert —too. 
: in said outer coat is released Is differs* 
tract in which said agent in said core is 




66. The method of claim 65, wherein said conditio is constipation. 
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